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A Weling & Porter, | Pr 
RocuEsTEeR, KENT, 
{Branch of Agricultural & General Engineers, Ltd.) 
prTsAM ROLLERS. ROAD SCARIFIERS, 
CONVERTIBLE TRACTION ENGINES 
AND ROLLERS. 


‘RACTION ENGINES. TRACTORS. 
STEAM CULTIVATING MACHINERY. 


Y arrow & Co., Ltd., 
wemniaeme Are BNGINBERS, 
SPEEDS UP TO 45 MILBS AN HOUR. 
PADDLE OR SCREW STBAMERS OF 
ExoeprionalL SHaLLow Dravenr. 


ne |2eepairs on Pacific Coast 


by YARROWS, own teag Victoria, ms. 
SHIPBUILDERs, SHIP REPAIRERS AND ENGINEERS. 


Rez les Limited, 
NERS, IRLAM, MANO 
FEED alone Py 
OALORIPI&NMS, av axonazchs, oa 
CONDENSERS, AIR HEATER . 
Merrill's Patent TWIN STRAINHRS for Pump 


uctions. 
SYPHONIA STBAM TRAPS, REDUCING VALVES 
class GUNMETAL STEAM FITTINGS. 
ATER SOFTENING and FILTBRING. 


Yarrow Patent 
andes oilers. 


T7169 
M YARROW UNDERTAKE 
PRESSING and MACHINING of ts Coen anale 





A. G. Musee, Ls, 


CULVER STREET WORKS, COLCHESTER. 
Ow ApMrmatry any Ws Orrice Lists. 
ENGINES for .Torpedo Boats, Yachts, Launches, 
BOILER FEED PUMPS. 

See Advertisement, page 33, last week. 

PATENT WATER-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS. 
And Auxiliary Machinery as supplied to the 
Admiralty. 2 





J ohn H, W itson& Co.,Ltd. 


Birkenhead. 


See Illustrated Advertisement 
Page 17, Dec. 12. 


Locomotive Shunting Cranes 


Steam and nd Pulectsic 


ranes, 
BXCAVATORS, ORANE-NAVVIBS, 
CONORETE-MIXERS, 
SHIPS WINDLASSES, WINCHES, and 
PRBOK MACHINERY. 








GRABS, 





6770 
Lists oF SrawpaRp Sizes on APpPLicaTion. 





London Office 
15, VICTORIA STREBT, 8.W, 1. 


(‘raig & Donald, Ltd., Machine 
MAKERS, Jounsrowe, near Glasgow. 
For class of Machine Tools see our Illustrated 
Advertisement every alternate week. 1358 


CHANTIBRS & ATELIEKS 


A eustin - NJ ormand 


67, rue de Perrey—LE HAVRE 
(eanes ). 








D is, Yachts a and Fast 
on Sees ry Rear Pag 
ao ~~ B Pate Water sot ponen Coal or Oil 
Diese! Oil Engines 
ctric 


Flee (OF ZO TONS) Lites | 


8. H. HEYWOOD | BS 00.. LTD., 


Gteam Sacars (with . or 
TOOLS for for SREPBOL OLLD EES. s BOLLURMAR 


DAVIS & PRIMROSE, Liurrep I... 


Prett’s Patent | piter Co 
Hammers, Presser Presses, Furnaces, 
Bever, Dorli & Co., Lid., 
RIGH-CLASS ENG: main Por J 


ENGINES ALL PURPOSES. 
ae ae Ae a ee 

















(\ranes.—Electric, Steam, 
HYDRAULIOC a aeons 


of all 
@BORGE RU ELLs co.,Lep., 
near Glaagow. 8207 


We dione-tee! Tubes 
Boring Superheaters, 








(Campbells & Herter, L 4 
SPECIALISTS IN 

Drillers & Boring Machinery 
for Engine Works and Boiler Shops. 


DOLPHIN FOUNDRY, LEEDS. 4547 





179 “¥ achts, Launches or Bar es MANOHEST 


Built complete with Steam, Oil “s 
Motors ; or Machinery supplied. 


VOSPER & OO., Lep., Broap STxeer, PER os 


(Cochran ae 2 tt tS 


AND 
OSS-TUBE TYPES. 
See page 17, Jan. 16. 


Boilers se 
Hy lectric (jranes. 




















fgg iy 
Gtewarts and Lord's, L* 


41, OSWALD §T., GLASGOW, 
BROAD STREBT CHAMBERS, BIRMINGHAM ; 
and So OFFICE— 
Wir R Ho Oxp Broap Srreer, 8.0. 
LONDON WA WARRHOUS 


Upr. me Sr., B.0. 
LIVERPOOL aoe ARADISE BF, 
ER WAREHOU ws, “Daamaane. 
CARDIFF WARMHOUSE 122, 3 Bure Sr. 
BIRMINGHAM WAREHOUSES—Nurx Street, 
SHEEPSCOTE a Cre and 10, pone 
Advertisement 





io 


SELL STREET. 
7268 


ig Finished shed (jasiings 


ceotnding seen Seaeine’, Semeuten, 
rite tori Meckestions to ArRaTons Lro., 
London, N, 5 






































Saag oa & Mooring oring Buoys 


a henen and ia Vaneee 
Press, Hoppsnrs, Srroat a rene, ReParms oF 


ILWAY AND vast 


H= Nelson & (Ce: L* 


Tar Giaseow Pees Geers 5a ene oa 
MoTHERWELL. 


He Wrightson & Co. 


LIMITED, 





























aie | 6020 
The Scottish Tube Co., Ltd., 


Heap Orrice: 34, Robertson Street, Glasgow. 





nm rc ee 


See Advertisement page 99. 


RAILWAY OARRIAGES AND WAGONS 
OF EVEBY DESORIPTION. 
RAILWAY IRONWORK, BRIDGBS,ROOFING,2c 
Chief Offices: 129, Trongate, Guascow. Od 8547 





Registered Offices; 1084, Cannon 8t., London, 8.0. 








Metallic I | oe6 « overing See Advertisement page 98, Jan. 16. 
—— $143 te protect & a for .M- 
all nd ‘as supplied atthew pa & me = 
ota eae Fe oy TRE L 
FOR ; lerometers * Lrvexronp Wonns, 7089 
Fo: Orgings g - rarone Wonss, Dumbarton. 
GARTSHERNIE RNGINEERING & FORGE CO toe ['eylor & hallen 
50, Wellington Street, Glasgow. 1808 an 
Ge par. rators N ewall Epeinecring 0. Presses. 
— FOR — . 8195 
EXHAUST STEHAM e Peter Hooker, Lia, 
TU eh > K ‘ COM- meas ee » 306 PONS MRE 
c. 4 A Engin Br AM 
STHAM DRY K Zaz. peom ote raversers Ses Puli Peas Aan ask a? 
rince “& Oo. B usrwoops co. um. "> : 
. - cops & BE Boer: SB Beep, Steel (isstings. 
Pank Locomotives T \oekiee’s Patas Oenentet : 
uckham’s Patent en onal 
Contes see eee Seek D WRIGHING MACHINES. he FERRY 
R. & W. v. HAWTHORN, LESLIE & OO., Lrp., ROAD oe RING WORKS COMPANY, Lap. THOMAS SUMMBERSON #@ SONS, Lop 
Bwerremns, NEWCASTLE-ON-TYNE. 17260 B.—Hydraulic Cranes, Grain Blevators, &c. a naee ae 
: "See Illus. Advt. last week, page 15, 7977 DARLINGTON. 1908 
xcavators. MANUFACTURERS | 
Hee Rebber Fiectrie l['ransporters. 
FROM 50 TO 600 YARDS PER HOUR. é 
D. Wits Belting 6. H. REY COG 4,00. Lay Be 
1985 
1, Usiow Srnzer, GUTTA PERCHA & RUBBBR, LIMITED EK J. Davis, MI. Mech. E., 
LEICESTER. Toronto - ~- Canada, 7885 | pon 6 re me = ' pet nel: 
,? ° 2 * 
\pencer—]- opwood Patent | Qee’s yar Penmaes ASh Ejector. aaa aro a eteat ‘apsiiteg. ses 
ae Makers: Boilers. py a AP ee he tes HB a ON ADMIRALTY LIST. 
W. H-SPENCER & OO., Hircum, ee, FJ J. TREWENT ENT & PROCT OCTOR, Lrp., Naval rest ety is 
See page 15, Jan. 16. teote and Surveyors, 42, Biliter Blags., "Biliter Bt J ohn Kirkaldy, Ltd,, 
London Office: 101, LeapewmaL Sr., B.C. a, 
The (‘ambridge and Paul Di iesel Driven Generators, Works: Burwr Mra, near Hinwow, Masxx. 
400-500 Kw.. DO. 560 cx 20 Volts, 80 Bva ting and Dish Plants. 
nstrument R.P.M., in excellent condition. Low price. Ref and Loe Making Machinery. 
8194| Bngines and Dynamos ceuld be sold separately. nw ted 
Two K Parsons TURBINES, 
COMPANY, LIMITED. ot Vous Yo. a= glass Wits Daun dammantan Frost Meter Distillers. 
Wonxs: Cambridge and and Condenser. ‘inated Combined Cirou and Air Pumps. 
Row Seumants, Teeten, 5. 23. West Walls, Newcastle-on-Tyne. 1960 nnn ie ee 7196 
A PEWA VAYS, © BS. 
Steel astings. [the pao Railway 
= Com: 
o. & ha, z advertisement alternate week. pany, 4 
ee ABERDEEN, GOVAN, GLasth Ww. ow” A luminium 
AOCTURERS OF 8291 
Railway Wagon a RAILWAY CARKIAGE, WAGON & TRAMWAY 
6 Cr ee we CARRIAGE & W. IRONWORKS, also |THE BRITISH ALUMINIUM 00., Le, 
WELDLESS CHAINS, Lap., Coatbridge. AXLE BOXES. 109, Queen Victoria St., London, B,O. 4. 
Iron and Stee! P & W. MacLellan, Limited, | ssn G team Hammers 
itti * OLUTHA WORKS, GLASGOW. 
Tiubes and Fittings. 7 ~ jae’ eaters amimere 


team 4“ Ff riction 





& 









pos 
"aS, Mssoey, Lady 
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sistered under the Trade Union Act.) 


An Association specially formed to look after the 
interests of Foremen on non thelr Supervisory Oapacit; wey. 


All coeiniions Po apn 


*% Snel Pissiskions 


Head Offices— 
81, High Holborn 
London, W.C.1, 





he Conc oti Institute. 


AN INSTITUTION FG FOR STRUCTURAL 
ENGINBERS, ARCHITEOTS, &c. 


BXAMINATIONS for : GRADUAT BSHIP and for 
ASSOCIATE-MBMBERSHIP will be held at the 
offices of the Institute on 13th and 14th MAY, 
1920. Forms of application and full particulars 
may be obtained from the SEORBETARY, Denison 
House, 296, Vauxhall Bridge Road, London, 8. yf 





ivil Service ‘Commission. 
FORTHCOMING BXAMINATION, 


ASSISTANT EXAMINERS IN THE PATENT 
OFFICE (20-30), 4th March. 

The date specified is the latest at which a ae 
tions can be received. They must be 
forms to be obtained, with 
SBOKBTARY, Civil Service 


Jommission, Burling- 
ton Gardens, London, W.1 C 668 





THE 


niversity of Liverpool. 
SESSION 1919-20. 
LENT TERM BEGINS 8th JANUARY, 1920. 
FACULTY OF BNGINBBRING. 
Dran—Associate Professor J. Ng oad Cy hams 
SON, M.Bng., M.Inst.C.B., M.1.Mech.H. 
PROFRSSORS AND Leto. 
ENGINBERING, 
Harrison Professor—W. H. WATKINSOX, 
M.Eng., M.Inst.C.B., M.I.Mech.B., M.1.8.B. 
Assistant Professor — W Mason, D.Se., 
A.M.Inst.0.B, 
loners —-&. B. Scopes, M.BE., M.Sc., 


-M.1.R. 
BLECTRICAL BNGINEERING. 

David cotane  acaclalaged W. Marcuasr, 
D.S8o., M 

ened, 7 Treo, B.Sc., 

Lecturer in hiuntetpal locteloai ea I ie 
—Associate Professor A. Bromiry HoLMEs, 
M.Bn M.InswcB, M.1LE.E. 

OLVIL BNGINERRING. 

Professor 8. W. Peraorr, M.A.I., M.Inst.C.B. 

Lecturer in Railway Bngineering—Associate 
Professor Sir J. A. F. pee. M.Eng., 
P.Inst,C.B., M.1.Mech.B 

Lecturer in Municipal Bo. neering. — Associate 
Professor J. A, Bropie, ‘Eng -P -Inst.C.B., 
M.1.Mech.B. 

Lecturer in Dock and Harbour Bngineering— 
Vacant, 

Lecturer in Dock and Harbour Pe 
T. R. Writtos, M.A., ° eum M.inst.C, 

NAVAL AROHITECTUR 
Alexander Bider Professor —T. B. 
a R.C.N.C., pa M.inst.N.A. 
MARINE GINEBRIN 

Professorsand pe veatote in Naval Architecture 
and HBngineering. 

DBSIGN AND DRAWING, REFRIGERATION, 

Associate Professor J. Wemyss ANDERSON, 
M Bng.. M.Inst.C.B., M.I.Mech.B. 

MATHEMATICS 
Professor—F, S. Carey, M.A. 
PHYSICS. 
Lyon Jones Professor—L. R.. WILBERFORCE, 


Lecturer—J. Rick, M.A. 
OHEMISTRY. 
Grant Professor—B.C.C. Baty, C.B.B., M.Sc., 
F.R.S., F.1.0, 
GBOLOGY. 
George wag Professor —P. H. G. Bos. 
weit, 0.B.B., D.Sc. 
The Prospectus of ‘he Faculty may be obtained 
on application to the undersigned 
BDWARD CARRY, Registrar. 
C 972 


ABELL, 


=| 


"TENDERS. 
he British Sugar Beet 


a. nee SOCIETY, er 14, Victoria 
London, 8.W. 1, INVITE 
APPLICATIONS tool BRITISH FIRMS who have 





the supply of the necessary plant, machinery and 
drawings for a beet sugar factory to be Fg com pleted 
79 | by oaee. a capable of dealing wit h 600 tons of 
sugar bee’ t roots per 24 hours, Full guarantees of 
cost of production and output will be on and 
ae provided for the due.performance of the 
— 

Applications to Tender must be received en or 
alee the 30th inst., and must be accompanied by 
full particulars of ‘the firm’s experience in beet 
=o factory work, and the time required in which 

pA net and lodge the complete scheme, drawings 
and tender. Ds 





ROCHFORD UNION, 
HOT-WATER HBATSRS anv “CATERER” 
RANGE FOR SALE. 


The Guardians have 


fr Dis Disposal in rs condition, 


ote ae 'W PRESSURE HOT 
WATER Sane ER, . A. Norris & Co. 
ll and 12, St. Andcow'e Ht Hill Pia G.; one small 
OIRCULAR LOW PRESSURB Wath HEATER; 
and one Sin. “CATKRER” RANGK, fitted with 
Two Ovens, and INVITE OFFERS “vy ‘the purchase 
of the same. 

The above can be inpected on application to the 
Master of the Poor Law Institution, Rochford 
a B.B. Station). 

The whose offer is accepted will be expected 
to remove the Water Heaters from their present 
position at his own ae. and make good any 
damage done to the mises. 

Offers, under cover, marked ‘* Hot Water Heaters, 
&c.," should reach me not later than Monday, the 
9th’ February, proximo. 


iy Order, 
W. HARDING ROBERTS, 
40, Clarence Street, Clerk. 


Southend-on-Sea, 


20th January, 1920. De 





AUCKLAND HARBOUR BOARD, 
NEW ZEALAND. 


[['enders Pag ENE for the 


SUPPLY and DELIVERY of TWELVE (12) 

Five-ton (and alternatively for Three-ton) SEMI- 

PORTAL, BALANCED-JIB, LEVEL - LUFFING 
BLECTRIO CRANES. 

SPECIFICATIONS can be obtained at the Office of 
Board's Agents on teed of a deposit (returnable) 
of Two Guineas. can be seen only at the 
Office of the Board's prom 2 

Mesers. W. & A. McARTHUR, Lep., 


18-19, Send Str 
ce of London, E.C. 2. 
Tenders to res h Auck noon on Sept. Ist, 
1920, addressed, » Harbour 
Auckland, New Fm Son C 444 


KIRKOALDY, FIFE. 
[lenders are Tnvited for the 


Desirable 
wale, PREMIS 
ESHOPS and OFFI OBS 
THB Sra PIPK COMPANY, LIMITED, 
Dunnikier Road, Kirkealdy. 
Together with Machinery and Plant, Fixtures and 
Fittings, Tools, Utensils, Stock. etc., belonging to 
above Company, s suitable ferall structural steel work. 
LD BY PRIVATE TREATY. 
May be viewed b spiren tment 
1TH, 121, Dunnikier y x 
51 


rhe A Admiralty has for 
oo of SURPLUS 
ENGINE BOOM * GBAR con- 
sisting of Piping, Elbows, Valves, Steam Hoses, eic., 
also two Canvas Screens, Box Screens and one 
eg one lying at at pe Tender forms, giving 


obtained ——— 
to t DIRBOTOR ‘oF NAVY CONTRACT 
Branch 2a, Room 85, Craven House, Davhennee 
land Avenue, London, W.C. 2, and Tenders must 
be returned to the Admiralty by 4th February aoe 





COUNTY BOROUGH OF SOUTHAMPTON. 
CORPORATION WATERWORKS, OTTER- 
BOORNH. 


[renders are Invited for the 
PURCHASE of SURPLUS. re myer a 
including Boilers, Pumps, etc., now lyi at the 
Otterbourne Waterworks, near Suawtork | ants. 
Further Loken and Forms of Tender may be 
obtained upon application to Mr. BH. C. Roppa, 
Waterworks Engineer, 33 and 35, French Street, 


Southampton. 
R, R. LINTHORNE, 
Towa Clerk. 
21st January 1920. D 








APPOINTMENTS OPEN, 





A Large Firm of Engineers 

in the Midlands es an OPENING for a 
YOUTH of ae i pupil, the 
course to include both sete and drawing office.— 
Address, 4359, Offices of ENGINEERING. 








TECHNICAL INSTITUTE, WALTHAMSTOW. 
Principal — James G. B. Epwarps, A.M.I.M.E. 


The Governors invite 


plications for the Post of 
Tosouen of ENGINEERING SUBJECTS. 
Saat salary £300 annum. Candidates 
should have an Engineering Degree or its equivalent 
together with practical workshop experience. 
pplication forms, which should returned b: 
January 24th, may be obtained from R. DEMP’ 


Clerk to the Governors, 1, Selborne Road, 
Walthamstow, E. 17. C 900 


COVENTRY EDUCATION COMMITTEB. 
JUNIOR TECHNICAL INSTITUTE. 


A PbPlications are Invited for 
he POST of METAL WORKSHOP 
INSTRUCTOR. Salary £260, rising by annual 
increments of £20 to #360. Previous experience 
will be considered in fixing commencing salary. 
Ferm of application, which must be returned duly 
completed not later than Saturday, 7th February, 
1920, and particulars of appointment, may be 
obtained from the undersigned on receipt of a 
stamped addressed acts 
FREDK. HORNER, 
Secretary. 





Education Dept., 
Council House, 
Coventry, 
17th January 1920. 


KENT EDUCATION COMMITTEE. 
DARTFORD TECHNICéL INSTITUTE. 


Day and Evening Engineering Classes and Day 
Continuation Clasees. 


D 20 








Rea quired, as soon as possible, 
an additional ASSISTANT MASTER ; pre- 
ference Will be given to one with experience in 
similar work. 

., Initial salary £150 to £220, according to quali- 





Apply: THOS. 
dy. 
BOROUGH OF CAMBERWELL. 


Kirkca 
TO DEALERS, SCRAP METAL MERCHANTS, 
AND OTHKERS. 


SALE OF OLD WATER-TUBE CIROULATING 
BOLLER. 


The Council invite 


[lenders for the Purchase and 


Removal of Water-tube Circulating BOILER 
from Camberwell Public Baths, Goose Green, Kast 
ers. S.B. 22 

articulars mm conditions to be obtained from 

the BOROUGH ENGINEER, Town Hall, 
Camberwell, London, 8.H. 5. , 

Tenders, endorsed ‘ Water-tube Boiler” and 

addressed to the Public Services Committee, Town 

Halli, Camberwell, 8.B. 5, to be delivered at the 

Town Hall not later than 5 p.m. Thufsday, 29th 

January, 1920. 
Cc. WILLIAM TAGG 
Town Clerk. 





[*t. O.E.. Exams.—Over {200 
age wag 83 yy Coaching. — 

a and Qusiae A few tow wanenaiel node 
. 1434 Offices of ENGINEERING, 

Corre rrespondence Courses ‘or 
nap. Inst.C, a 1 Woch 0, ALL TecHNt at 

‘Bingle Subjects. 

se Poe tall fall 


ulars appl 
ke TREVOR W. = a 


PHILLIPS, B.Se. 
og ) A pou I. —y B., &c., 8-10, Trafford Chambers, 
Street, Liverpool. 807i 





i ¥ 





“em C.E., I. Mech. E., B.Sc., | som 


ownns, rg .—Mr. G. F 
Inst. O.B., F.8.1 


ie Round Sen. PRNPARNS 6 SaNDIDATHS persons 
Te TR en pence at any time 
sw, Gourses may eommence at any Vime.—a9, Vistar 


MIO. FE. and A.M.LM.E. 


A. Tuitien. Aise Postal Courses in Mechanical 
ING Oxford 








INTBRNATIONAL COMPETITION. 
Town Council’s 


albor, 
CoM of King Chr. [X Pontoon 
- | Bridge HRRBBY INVITE DESIGNS fora New 
BRIDGE CONNECTION ACROSS THH 
LIMFJORD, BETWEEN AALBORG AND 
NORRBSUNDBY (DENMARK). 
is Reb ad are eapgtetes 
ace i 10,000.00 
ea * oo ooo ” 6,000.00 
3rd a ” 4,000.00 
The Committee furthermore reserve the right to 
purchase some plans which have received no prize, 
at a sum of Kroner 2000.00 each. 
ittad before g pt hy 





a with descriptions, maps, etc., will 
f in the Dan fh. ting ish, ms 
, | French language, on Sationtve eke ii 
BNGINBER's OFFIC Nyhavnsgade 12, ARKOU 
Den: © Repeal of Rete tenn ee 
amount will be refunded to those who submit plans 
return the documents furnished in 


1 | due time, or 
condition before the expiration of he 


time com 
“Pam Ox COMMITT OM OF Ri KING —_ 1x 
PONTOON BRIDGE 


Aalborg, 


‘January lst, 1920. Cc 992 


, together with an allowance for approved 

pans wen and pera up to £115, and rising to a 

maximum of £350 or & 

Forms of a iteation may be obtained from Mr. 

D. F. Brow, ‘Technical Institnte, Dartford, Kent, 
SALTER DAVIKS, 
Director of Education. 

17th January, 1920. 


ROYAL AIR FORCE. 
BOYS’ TRAINING CENTRE, CRANWELL, 
Near SLEAFORD, LINCOLNSHIRE. 


APPOINTMENT OF CIVILIAN EDUCATIONAL 
STAFF. ~<. 


ae [ihe following Appoint- 


ments are to be made in the 

immediate future in connection with the 

education of the boys who are under training as 
skilled craftsmen for the Royal Air Force :— 

One SECOND MASTER (temporarily in charge), 

Sev-n SISTANT MASTERS, at salaries £275 

to £325 (inclusive), according to experience and 


qualifications. 

The appointments will be held under the usual 
conditions ef the — profession, subject to 
three months’ notice in writing on either side. 

These rates of pay are temporary and inclusive of 
bonus pending the introduction of a permanent 
scheme of salaries, which will be fixed on an 
incremental scale with provision for gratuities—in 
lieu of pension—on caaning appointment subject 
to a minimum of three years’ service. When the 
new scales for the Master in charge and Second and 
Assistant Masters are fixed, those who hold appeint- 
ments will be brought on to the scat at a salary not 
less than that which, with war bonus, if any, will 

ual their t inclusive rate of pay. 

Bachelor iving quarters will be provided for the 
— it 4 , within the limits of accommo- 

available. No charge will be made for this 
accommodation, — Sen will be payable 
if fb ne me tog le. 

ications should be forwarded without os: 
eietioenes THE wo. Air Ministry (T. 
Kingsway, London, W.C 

No special form’ of te tion is needed, 
candidates should give full particulars of (i) School 
and University Education ; (ii) eeereres ares 
snd |W) War. service experience ; (iv Spe gp ket — 





59 | salary £2550 (inclusive). 


Ce 6 whom reference 
San :50 SOR eee Se Patan sen aege 
recent testimonials sen’ Dis 








“HUDDERSFIELD TECHNICAL COLLEGE. 


A pplications ar are Invited for 

the POSITION of LECTURER in MB. 
CHANIOAL Seersnenins., opiitial salary £0, 
aera, che" Sich obtained on ayp))lica- 
tion e BCRETARY, ‘Technical Coilege, 
Hudders6eld C S69 


DUDLEY EDUCATION COMMITTEE. _ 


TECHNICAL SCHOOLS. 
Principal—J. H. Grindley, D.Se., M.I.Mech 2. 


The Committee invite 


A Pplications for the Post of 


CHIEF LECIURER af Mechanica! Engi. 
neering at the Technical Schoo idates must 
possess a degree in Engineering or ite equivalent. 

Commericing salary £40. 

LF my pr can be bbtained from the 
pine pep Applications must be made on forms 

—— by the undersigned, and — to bim 
not later than ees, J — 


Education Omoes’ 
Dudley. 


WIGAN po DISTRICT = AND 
BOHNICAL © COLLEGE 


Wanted, Lecturer in Engi- 


NEERING. Sa according to scale. 
Maximum £450, with possibility ef subsequent 
increase to £500. Initial salary upto according 
to- qualifications and experience.—Further parti. 
culars may be had from the PRINCIPAL, to whom 
applications should be sent as early as oe. 





Director of Education. 
> C 899 





) 535 


~ UNIVERSITY OF BIRMINGHAM. 


CIVIL ENGINEERING DEPARTMENT. 
Professor F. O. Lea, D.Sc., M.Inst.C.E. 


A Pplications are Invited for 
the POST of LECTURER in the Civil 
migisotring Department to succeed Mr. W. N. 
Thomas, Sc., A.M.Inst.C.B., whe has been 
appointed Assistant to the Professor of Engineering 
in the University of Oxford, 

apens £350 per annum. 

Applications, with testimonials and references, 
should be forwarded to the undersigned not later 
than Monday, the 2%rd of February, 

Further particulars P= hg 3 be obtained from 
- MORLEY, D 102 
Secretary. 


H.M, DOCKYARD SCHOOLS. 

A pplications are Invited 

for the POST of ASSISTANT 
MASTER in the above schools, 

Candidates should possess a University Degree in 
Honours or equivalent quatifications, and must 
produce evidence of successful teaching and experi- 
ence in Laboratory work. The subjects taught in 
the school are “Mathematics, a Saree 
Magnetism and Electricity, Heat,Steam, Metall a 
Mechanical Drawing and En lish. The vacancy s 
at first temporary, and the salary offered is £276 per 
annum. If found satisfactory y the selected candi- 
date may be transferred to the permanent list, in 
which the salary is 2180-21 £15-2450 with a 
war bonus of 207% plus £60,and fs pensionable. The 
successful candidate will be required to commence 
his duties as soon * poset ble.—. ota should 
be addressed to nn SECRETARY OF THE 
ADMIRALTY (C TB) Whitehall, London, 8.W. Dat 








Wanted, 


at the 
TECHNICAL SCHOOL at HAARLEM, 
HOLLAND, 

A thoroughly competent 
ENGINEER for TEACHING 
SHIPBUILDING 
and 
GENERAL 
TECHNICAL SUBJECTS. 


Knowledge of the Dutch language is 
essentially required. 


Applications to the DIRECTOR. 





MACHINERY AND PRESS TOOLS. 


anted by a Firm of Machine 


Tool Merchants in Westminster a TECH. 
NICAL CORRESPONDENT to answer customere’ 
enquiries. Well up in power presses and press tools. 
Shop or drawing office experience necessary. 
General axe of machine tools generally an 

Poa Se own handwritiug to puniger 

BURTON, GRIP Pres & CO., Lap., 70, 1 ali 
Bridge Road, S 


“Assistant Chemist Required, 


thoroughly experienced in analysis of iron 
materials. 





—Address, stating ao, 


and steel works ‘Gaiees "2 


—— and salary required, D 48, 
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A ssistant Chemist Required 


CAL and RBSEARCH WORE 
a ten and steel manufacture. 
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FLUID MOTION AND VISCOSITY. 


The Effect wpon Fluid Motion of local Heating due 
to Viscosity and the Comparison between Eaxperi- 
ments carried out in Fluids in the Two Different 
States—Liquid and Gaseous. 

By W. L. Cowzzy, A.R.C.Se., D.I.C., Wh.Sch., 
Scientific Assistant at the National Physical 
Laboratory, Teddington. 

Ir is usual when studying the flow of fluids past 
bodies, especially when treating the subject from 
the point of view of the dimensional theory, to 
suppose that the force upon the body depends only 
upon the properties of the fluid p, y and V, the 
density, kinematic viscosity and the velocity of 
sound respectively ; and also upon v the velocity, 
supposed constant, of the general mass of the 
medium relative to the body, and / the linear scale 
of the system referred to some drawing. Hence 
by the dimensional theory it is shown that the 
interacting force is given by: 

R = pF vf; (v Ijv, v/V) . (1) 
where the form of the function f, depends upon 
the shape and also, unless (1) be regarded as a 
vector equation, upon the orientation of the body 
to the general flow. 

The term v V is present in virtue of the com- 
pressibility of the fluid and represents to a large 
extent the part played by wave motion or sound. 
‘When the velocities and consequently the pressure 
variations in the medium are small, the energy 
dissipated in wave formation becomes negligible, 
and for this reason equation (1) is often written in 
the more convenient form : 

R = pF v2 fp (v lv) - (2) 

f, being the form f, assumes when v V is made 

zero. 

These equation; indicate that experiments carried 
out in two distinctly difterent fluids, even if one is 
a liquid and the other a gas, are directly comparable. 
By arranging v and / so that vl/y is the same in each 
case, the resistances become proportional to the 
product pv? /? if the compressibility is small, and 
the fact that the fluids exist in two different states 
does not appear to affect the problem in the slightest 
degree. Whether or not this is the case remains 
for experiment to verify, and to this end a number 
of tests have been carried through both of a quali- 
tative and quantitative nature. The flow of air 
and of water when made visible by smoke or small 
particles shows a remarkable agreement in the two 
cases at corresponding values of vl/y. This seems 
a remarkable tribute to equation (2), but when a 
more exact test is made, as for example, if the 
resistance of a strut is found first when towed 
through water and, secondly, when in a current of 
air in a wind channel, the results obtained are such 
that even competent authorities on the subject 
have been led to doubt the above two equations. 
This discrepancy might be due to two causes: the 
turbulent nature of the flow in the wind channel 
and the possible presence and importance of other 
factors as yet neglected. 

The first is undoubtedly a serious question in 
as far as it aftects the whole foundation of wind- 
channel research, but as yet there has been little, 
if any, evidence to support it. On the other hand, 
however, our original suspicions that the question 
of the state of the fluid may have some important 
bearing upon the question appear to receive weight, 
and probably one or even more factors yet remain 
to be considered. It is proposed, therefore, in the 
present article to examine whether the three 
physical constants enumerated above fully define 
the fluid for hydrodynamical purposes and to 
establish as far as possible the most general form 
for the resistance. 

The property defining the state presents a little 
difficulty at this stage, but it might clear the ground 
initially if we discussed the eftects, direct and 
indirect, of temperature upon fluid motion. The 
effect of heat has been supposed in the past to 
modify the flow only in as far as an increase in 
temperature affects p, v and V for the general mass 
of the fluid. This assumption would be quite 
justifiable if the temperature were constant through- 
out, but it will be seen that this is not the case. 

Consider by way of illustration the two 





dimensional motions of a viscous fluid between two 
parallel walls AB and CD, the flow being from 
AB to CD. For steady lamina flow, neglecting 
compressibility and supposing v constant through- 
out, the velocity of the fluid varies across the 
channel according to a parabolic law, being zero at 
the boundaries and maximum along the axis. Thus 
if r is the distance from the axis, the velocity v is 


given by: ictieniied 
a= 5(3- 


where 2,1, is the width of the channel and v, the 
average velocity of the fluid. Although the motion 
is steady the pressure will gradually drop from one 
end of the channel to the other in the direction of 
the flow owing to the dragging action of the fluid 
upon the walls, and the energy required to overcome 
this and maintain the motion eventually becomes 
dissipated into heat. The mechanism within the 
fluid causing this is somewhat complicated. The 
fluid to some extent may be considered in a state 
of sheer, but whereas it requires no energy to 
maintain a sheer in a solid once established, such 
is not the case in a fluid. In fact the rate at which 
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Distance across Channel. 
energy is being dissipated into heat is proportional 
to the rate of change of sheer across the channel, 
Thus the loss of energy per second per unit volume 
is: 
y 0 - (4) 

If K be the specific heat of the fluid and if conduction 
be neglected the rate of increase of temperature 
with time will be: 

d pvt 

t~ KI ro 

where J is Joule’s equivalent. Suppose that the 
fluid starts from B C with a uniform temperature © 
across the channel. An element situated at a 
distance r from the axis will move parallel to the 
walls with a velocity v and increase in temperature 
at a rate given by (5). The time taken for the fluid 
distance r from the axis to travel from BC to AD 
a distance L will be L v, so that the gain in tempera- 
ture will amount to: 


(5) 


ae We 

KJ ref v 

and reaches, at A D, a temperature : 
4pyvril 1 

(0+ -ET  i-a 

This curve is plotted in general form in Fig. 2 
(curve A). Near the walls the curve tends to 
infinity, but if conductivity had been taken into 
account the temperature variation would have been 
modified to the form given in curve B. 

The temperature rapidly increases as we proceed 
inwards from the walls, when it reaches a high 
maximum in the case of a gas owing to the small 
values of K and of the conductivity, at a short 
distance inside. lt then falls off at not quite so 


(6) 


‘rapid a rate until the main body of the fluid is 


reached. Here the fluid is but slightly heated in 
comparison. 
This increase in temperature is accompanied by a 








change in viscosity. For air y increases at a slightly 
greater rate than 1 per cent. per degree Centigrade 
rise, while on the other hand it decreases for water 
at the rate of 4 per cent. The result of this upon 
the flow might under certain conditions be con- 
siderable, for it is in the neighbourhood of the walls 
that eddies originate when the flow becomes 
turbulent. Since on the one hand the fluid is 
rendered ‘more viscous by the local heating, and on 
the other less, this critical part of the channel would 
be affected in a totally different manner in each 
case, resulting in considerable modification in the 
flow. A similar state of affairs would occur in 
any other fluid-motion problem. The most active 
portion in producing turbulence, usually in the 
neighbourhood of the body where the rate of 
shear is large and the velocity small, or in the region 
of quasi-discontinuities in flow, is the part that 
receives the greatest rise in temperature. This 
rise taking place as it does in the most sensitive 
part of the fluid will consequently have a com- 
paratively large effect upon the general flow, and 
local heating must accordingly find a place in 
equation (1). For this reason it must be supposed 
that R depends upon Q, say the rate of change of 
viscosity with temperature, and K the specific heat 
of the fluid at constant pressure, as well as upon 
the other quantities previously mentioned. 

So far, the state of the fluid has not entered into 
our investigation. To introduce this, we must take 
a more general survey of the whole subject. It is 
clear that there would be no point in gathering 
together all the physical properties of the fluid, and 
supposing that the motion depended upon the whole 
collection. If such were done, the function f would 
be found to contain a large number of variables, 
but no evidence would be present to show whether 
these variables could not all be expressed in terms 
of three others, v//v, v/V, and the term due to 
local heating. The conductivity of a gas, for 
example, is the product pv K, where K, is the 
specific heat at constant volume, and, therefore, 
would be superfluous if these three constants had 
already found place in our collection. In order 
that no doubt ray be thrown upon necessity for 
the inclusion of any one factor, it would be advis- 
able to get to the very root of the matter by con- 
sidering the least number of terms that could be 
used to define the fluid completely from the hydro- 
dynamical standpoint. For the reason we could 
resort to the kinematic theory of gases. 

A gas or any fluid, according to this conception, 
is composed of a large number of very small par- 
ticles or molecules, each having identically the 
same properties, if the fluid be a single chemical 
compound. At a particular instant, each molecule 
will possess, owing to its motion and vibration, a 
certain amount of energy which will not be the 
same, however, for all the molecules. The motion 
of the fluid at any point will be the average motion 
of a large number of molecules in the neighbourhood 
of that point, and the density there will depend 
upon the density of packing. The probable energy 
of any molecule relative to the fluid in its immediate 
vicinity will follow definite laws which will depend 
upon the properties of the molecules, and this 
density of packing. From this simple conception 
we can define the fluid completely, as far as its 
motion is concerned by the constantse— 

m = mass of each molecule, 

s = size or its equivalent of the molecule expressed, 
say, as a volume. 

n =a number which represents the ratio between the 
energy of a molecule to the amount of kinematic 
energy it possesses due to its translational 
motion. 

N = number of molecules per unit volume. 

«% = most probable velocity of the molecule. 

All the physical constants of the fluid can be 
represented as functions of these quantities as vari- 
ables. Some of these terms are small and others 
large, but all are required if we wish to treat the 
problem generally, and although it might be 
thought that such a small term as s might be 
ignored, yet this very term plays an important 
part in certain phenomena, and it is conceivable 
that it would have a definite influence upon fluid 
motion. Whether this is so or not must be left to 
experimental verification for the particular case 
uiring treatment. 
The importance of « is clearly evident in Van der 








102 


ENGINEERING. 


[JAN. 23, 1920. 








Waal’s equation, which represents very well the 
relation between temperature, pressure and volume 
of an actual fluid. If p be the pressure of the gas 
and § its volume, this equation is of the form 


(» +) (8-+)-R8 (7) 


where a, b and R are constants and © temperature. 
The constant b depends upon s, and although 
small, plays a very important part when S becomes 
small, that is, when the fluid is in the liquid state 
or a highly-compressed gas. If the gas be perfect, 
i.¢., obeys Boyle’s law, a and 6 must be put equal 
to zero in (7), and the isothermals or the curves 
giving the relation between p and S when 9 is made 
constant, will be identical for the two cases, when 
8 is large (Fig. 3). 

The term 6 depends directly upon the volume of 
the molecules, and, therefore, upon s, and if 
neglected would give absurd results. If neglected 
together with a Boyle’s equation would be obtained, 
which we know does not hold when the fluid is 
besoming liquified, and if neglected alone, while a 
is given a definite value, the pressure of the fluid 
would become negative fo: small values of S (Fig. 3). 
We can only infer, therefore, that s plays an impor- 
tant purt, both at high compressions in a gas and 
when the fluid changes its state, and there is no 
reason to doubt that it also plays an important 
part in fluid motion problems. It certainly shows 
its presence in the slope of the isothermal curve 
for a liquid, and hence in the elasticity, and, 
therefore, we may say that the term v/V in equa- 
tion (1) is greatly modified by the magnitude of «. 

It would be a fallacy to suppose that variations 
in s are taken up by making corresponding changes 
in V, or even in y, if necessary, as will be here seen. 
Using the quantities defining the fluid from the 
molecular conception of matter we obtain by means 
of the dimensional theory, the resisting force 


R= mN. Rf; {e.N,n.NB,%} . (8) 
v 


The function f, contains four variables, and it is 
impossible by any combination of these to reduce 
the equation into the form given by (1). Equation (1) 
was obtained independently of s, and can be estab- 
ished for cases in which Boyle’s law holds, and, 
therefore, if one of its variables v/V becomes affected 
to such a large extent by including s, it would be 
expected that the third variable thereby introduced 
would, in general, considerably affect the form of the 
function, even though a large part of that effect 
becomes disguised in what appears an independent 
change of the variable v/V. 

In equation (8) we may consider that we have 
the most general form of the resistance equation. 
It includes all that has been given in equation (1), 
together with the local heating effect previously 
discussed, and the effect due to the size of the 
molecules, the latter being one of the chief factors 
that affect the state of the fluid. It only remains 
to group the four variables in (8) in such a way as 
to give a form of equation suitable for practice. 
It is advisable for this purpose to retain our original 
variables v/l y and v/V, and since local heating has 
been shown to affect the problem, we may take 
Q vw 
K'l 
the main factors influencing the resistance. The 
change of state has been shown to depend largely 
upon the constant 6 in Van der Waal’s equation. 
This constant 6 is a third of the critical volume Se 
of the fluid, and, therefore, this physical constant 
may be taken as the fourth variable and the term 
governing the effect due to state. Equation (8) can 
now be written— 

rth vl vw Qo 8 
Bartel yen FH 

These four variables are, of course, not bound to 
be in the form here given. More convenient forms 
might be found, but they have been suggested 
because, in the author’s opinion, they represent the 
main factors contributing to the resistance. The 
term vi/y may be regarded as giving the effect 
produced by the value of the viscosity for the 
general fluid, while v/V chiefly represents the effect 


of compressibility as usually understood. 2 é ; 
is present in virtue of local heating, and its effect 


as another variable which represents one of 


(9) 





would conceivably be large both when considerable 
heat is produced and when a critical or practically 
unstable type of flow exists. This term is always 
liable to be present as an important term, whether 
the fluid be a liquid or a gas. The last terms S,//* 
may be supposed to represent the departure of the 
fluid from Boyle’s law, and is chiefly affected by 


Pressure 











‘ 

/ 

/ 

i 

i 
Van der Waals E quation with b zero only. 
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the state of the fluid—liquid or gaseous. For gases 
properly so called, well above the critical tempera- 
ture, and for vapours far removed from the lique- 
faction, this term may become unimportant, but 
for liquids, for gases situated near the critical 
volume and temperature, and for vapours, especi- 
ally wet vapours, such as wet steam, fluid motion 
problems might be greatly affected by this term. 


oO ($043 ¢) 








RISK AND REWARD. 

He who hazards nothing plays for safety, and the 
reward is of necessity small. Safe employment 
at a fixed salary obviously is contingent upon 
market rates and upon the value of the individual 
to the employer, or better still perhaps, the fact 
that the employée convinces his employer of his 
value. In order to achieve monetary victory— 
economic independence—it is essential that some 
risk should be taken. Not that such risk is greater 
than that taken daily by many classes of workmen. 
Their risk is personal and human; the question of 
financial returns means financial responsibility. A 
large, and by no means an individually negligible, 
section prefer safety at all costs to a limited hazard 
for an increased return. Speculation in its adverse 
aspect is not the necessary alternative; but low 
interest is more or less consonant with security. 
It is the same in a personal sense as in the wider 
commercial aspect ; it is, for instance, most often 
necessary to change employment more than once 
in order to obtain even due recognition. Time has 
a nasty habit of moving forward and the boy of 
yesterday achieves manhood almost unconsciously ; 
even with an unblemished record it is difficult to 
make an employer realise the patent fact, difficult 
to make him see that in ensuring production he 
has also raised a man who requires a man’s reward. 
When the situation becomes acute it is then necessary 
for the worker to insist upon the fact and in default 
of recognition to seek employment elsewhere. It 
is rather useless to expect other folk to notice 
individual conditions and unless personal effort is 
made to this end little can be achieved. It is rather 
remarkable, all things considered, that many men 
who are competent to plan and to contrive to 
““make good” in material matters, have usually 
no idea how to plan a campaign for their own 
individual advancement. Few even know how 
to state a reasoned case in an application on their 
own behalf either by themselves or through outside 
influence. We do not mean by intrigue, but by 
a method of approach which is likely to achieve its 
end without undue resentment on the part of the 
employer. The best men are often the least 
articulate when they are themselves the subject at 
issue ; they will suffer under feelings of disappoint- 
ment and even quit rather than ask for advance- 
ment. 

One of the surest methods of losing the day is to 
be always bothering when there is no opportunity 
open. One of the safest of methods is diligent 
preparation on a settled plan towards a definite 
goal. Having the requisite qualifications the 
presentation of a proper case invariably secures 





consideration when opportunity arises. With an 
awkward gap to fill in the staff an employer usually 
finds it cheaper to promote a capable man on the 
staff rather than engage someone from outside, but 
because of his own ignorance of his own merit and 
often for want of due application and the display 
of suitable qualifications the staff-man misses his 
chance. It is quite realised that it is not the most 
confident man who is the most likely to prove 
successful, and it must be remembered that where 
an executive position is open the selection of a 
man of limited service is expensive. There is 
often entertained the idea that application for a 
superior post penalises the applicant, if he be un- 
successful. Such is really a false conception; if 
a man is convinced within himself that he “fills 
the bill,” and his belief is well founded, nothing is 
ever lost by making the view known. It is difficult 
to get the first step upward from the rank and file ; 
after this is accomplished anything is possible. 
There is no doubt, to use a well-worn phrase, a time 
to speak and a time to keep silent, witness the atten- 
tion paid to the more silent individual when he does 
speak. The pause is essential in music, and silence 
is often a period of preparation for activity. It is 
tiring and shows a want of balance to fight every 
trivial issue; compromise must be effected, and 
when protest is made it is the more effectual if 
unexpected. 

It is the man who calculates the risk and, having 
done so, is prepared to hazard—willing to lose the 
day—who is most often successful in almost every 
relation of life. This applies to promotion, to com- 
merce, and to most other things. It is easy to play 
for safety, it means keeping still, taking no initia- 
tive, working on precedent ; the trouble is that those 
who practice the safe game usually grumble loudest 
that success does not hunt them up. Many risks 
are daily taken which carry no inordinate reward ; 
but where the risk is considerable and the reward 
negligible, there usually is honour which cannot be 
measured as consolation for the danger. The man 
who merely risks without due calculation, who is 
foolish enough to erect an edifice without a founda- 
tion, can, however, expect little sympathy in the 
event of disaster. He who buys pigs in pokes 
invests in Spanish gold. He who becomes a victim 
to the confidence trick is not merely a wild speculator 
but, expecting something for nothing upon grounds 
contrary to commonsense, is a fit subject for mirth, 
however painful the results may be to him per- 
sonally. On the contrary he who plays first for 
safety, finding that adequate reward passes him 
by and then expects a sympathetic ear, is doomed 
to disappointment. He has safety—his prime 
consideration. What else did he expect? Oppor- 
tunity came, but he was either not fitted or, since 
chance must be served by risk, refused the chance 
and consequently there are no grounds for com- 
plaint that a critic can see. The normal man refuses 
to speculate wildly or to avoid reasonable risk, 
but often enough fear keeps him virtuous. Afraid 
to put adventure to the touch he sees the oppor- 
tunity but hesitates to seize it. On the whole the 
average man is too hesitant in matters where risk 
has to be taken with both hands for a reward after 
all only problematical. Few men are driven to 
success. Those who achieve it either made their 
own opportunity or placing all they most valued 
in the scale, moved boldly onward, conscious that 
the penalty for failure would be severe. A stimulus 
of this kind spurs the right type to superhuman 
endeavour, the wrong are crushed by the first 
reverse — the breath of difficulty chills their 
fortitude. 

The reason why much industry has drifted into 
the hands of large organisations is not because 
the small man cannot compete, but largely because 
the vast majority of men prefer safety with its 
penalties to risk with its rewards. There is capital 
in character, investment in ability ; a combination 
of the two may be expected to tide over difficulties. 
The man who takes risk with judgment can com- 
mand capital in the banking sense, and the more 
successful he becomes the more readily can he com- 
mand resources; money will then actually come 
and beg to be used. Men of inferior attainments— 
although sometimes not of the highest type of 


character, but having the commercial instinct, 
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adventure their all, and frequently prove successful 
in business of large scope. It is lamentable but 
true that assistance playing for safety can be hired 
at a cheap rate ; ability is by no means uncommon, 
character is far from rare, but the spirit which takes 
risk and which adventures is certainly far from 
usual, 

Every man met with, receives from you an 
impression, it may be distinct, definite and lasting, 
it may be composite and progressive, or it may be 
adverse. A superior cannot help it, he must be 
impressed if only to consider you negligible or merely 
fit for routine and ordinary employment. Some 
men give a distinct impression of vitality, of alert- 
ness, some of reflective capacity ; some appear to | 
have no interest in life at all; the point is that all | 
convey some impression. Cumulative impression 
of a favourable character on a superior is extremely | 
valuable if advantage be taken at the moment 
opportunity offers. There is sometimes, it is feared, | 
a desire to retain an employee, only because he | 
fills his post most successfully and there is no one | 
in sight to replace him. This brings another factor | 
into view—the necessity for an adequate reinforce- | 
ment to step up into one’s own shoes if necessary. 
Few men are big enough to realise this fact and fear 
their own supersession (playing again for safety) | 
indicating a want of belief in their own abilities. | 
To the man of critical mind in command praise | 
of a junior is always welcome, since it indicates the | 
calibre of the senior man. | 

There is altogether too little adventure in normal | 
industry, it is always easier to lie low, always ciffi- | 
cult to be aggressive, to risk, or to grow. Progress 
is always allied with growth. Standing still means 
going backward. If we desire reward we must 
each take risk, adventure to the proof. Success 
depends as much upon the right spirit as upon 
following out copybook platitudes, praiseworthy in 
themselves, but their effect alone will never compass 
competence, 











RECENT MACHINE TOOL DEVELOP- 
MENTS.—No. IX. 
By Josrpa Horner. 

Drilling Machine Tables.—The tables of drilling 
machines are of a more simple character than those 
of milling and slotting machines. These usually 
have two slides, longitudinal and transverse, and 
very frequently a circular table also with circular 
motion. These, being superimposed, throw much 
weight on their supports, so that in the heaviest 
machines it becomes a problem how to afford 
adequate stability to the knee. In slotting machines 
this is solved by fitting the saddle to a horizontal 
slideway which goes to the ground. In heavy 
milling machines the knee must have a supporting 
elevating screw, or a pillar, or a brace of some kind ; 
often both in combination, a brace ahove and a 
strut below going to the foot of the machine. 
Stability is also favoured in all cases by giving ample 
width and length to sliding surfaces, worked out 
differently in different designs, with the object of 
preventing tilting and lateral movements under 
heavy cutting. 

Though simplicity is desirable in machine tools, 
general utility is more essential in the great majority 
that have to perform various services in all shops 
except those where the work is entirely specialised. 
This does not mean that a machine need be 
of a universal character, but rather that it 
should be capable of dealing with a variety of 
articles to be operated on by one group of tools 
used in that machine. This is a wholly different 
thing from including several different operations 
requiring distinct groups of tools, or even operations 
with the same group of tools, but of a radically 
different character. With regard to a machine | 
restricted to slotting or to milling of one kind, or to 
a shaping machine, or one class only among the | 
numerous drilling machines, a noticeable feature | 
is the adaptation of the machine for dealing with 
a variety of work to be tooled in one fashion. 
The variations deal with the handling of work in a 
considerable range, the tools remaining of one kind. 
This explains the reason for the fitting of compound 
tables in so many machines, and for circular tables 
in large numbers. These are supplemented more 


| table. 


‘on, and slewing round a cylindrical pillar. 


extensively than ever with machine vices to receive 
articles that are better held thus than directly on 
the tables. These vices now include a large number 
of varieties, suitable for holding shapes parallel 
and tapered and cylindrical, and at various angles. 

Some selected examples of tables for drilling 
machines are given in this article, ranging from 
those of a very elementary character to tables highly 
elaborated, including power operations. No machines 
manifest greater variations in design of table than 
the drilling machines do. This is not surprising 
when we remember how varied are the shapes and 
masses and depths of the pieces put on them, and 


the fact that drilling is done at all angles, and that 


most machines have to take a general run of work. 
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for a drilling machine, having a long cylindrical 
stem fitting in a knee in which it can be rotated and 
clamped. The knee is carried on the cylindrical 
pillar of the machine with a boss divided in two 
parts, one half being cast with the knee, the other 
forming a cap, the two being secured with four bolts 
which also tighten them on the pillar. The height 
of the knee is set with worm gear, pinion and rack, 
as indicated. The knee can be slewed laterally, 
since the rack can move round the pillar with it. 
Deep articles can then be put on the base. The 
plan of the table looks at it from below, and shows 
the annular support afforded, and the slot holes 
for the bolts. 

The table of one of the sensitive drilling machines 
by A. Herbert, Limited, is shown by Figs. 147 and 
148. The work done being light, the table is also 
light. It measures 24 in. by 16 in. on the working 
face. It fits to vee’d slideways on the cylindrical 
pillar, Fig. 147, and is clamped with one screw and 
lever on the setting-up strip. It is adjusted 
vertically with a pinion and rack from a crank 
lever extending beyond one side of the table, and is 
locked with the small lever seen. A waste lubricant 
trough surrounds it. 

The fitting of a long table for a four-spindle 
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A light table for a sensitive drilling machine is 
shown by Fig. 143. The method of elevating 
adopted is somewhat unusual. A. long screw is 
stepped into the base of the column and is em- 
braced by a nut with a fork that enters the cap 
portion of the split boss of the table that grips the 
column. The screw is turned with a hand wheel 
above actuating mitres (not shown), so raising or 
lowering the knee. It is then clamped on the 
column with one screw tightened by means of the 
lever at the front. This lies to one side, that 


| where the split occurs. The face of the table is 


18} in. square. It can be slewed round the column 
to any angle in plan. 

The fitting of two tables to a sensitive drill is shown 
by Fig. 144. The lower table, circular in plan, 


| 114 in. diameter, and clamped with a stem in its 


knee, slides vertically on the face of the column. 
The upper table, 21 in. square, remains at a uniform 
height, but it can be slewed with the work that it 
carries, and be clamped by means of its split boss, 
or be turned aside to permit of using the lower 
The latter is fitted with a hollow cone to 
centre shafts to have their centres drilled. 

An unusual table fitting is shown by Fig. 145. 
It belongs to a vertical drill, adjustable .vertically 
The 
table is square, and is secured in the arm at any 
plan angle with a set screw. It is elevated with a 
pinion and rack of 1 in. pitch, the rack moving 
round the column with the plan adjustments of 
the table. The square table, which is provided 
with slot holes for bolts, can be slewed on its knee, 
and clamped. 

Fig. 146, on page 104, shows a 24 in. circular table 
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sensitive drilling machine is shown by Figs. 149 
and 150. Although the table is so long, the central 
screw, and the fitting of its base to widely-spread 
slideways, Fig. 149, provides sufficient support 
without end steadies. The deep brackets curving 
outwards from the sides of the knee afford rigidity 
to the table right away to the ends. It is surrounded 
with a waste lubricant trough, and is elevated 
with the screw worked through bevel gears from the 
front. 

Radial Machine Tables.—Fig. 151 shows a form 
of table that is very common on radial drills. 
Having a large amount of overhang, and being 
unsupported at its outer end, the elevating screw, 
which is operated from the front through mitre 
gears, affords support to the table midway of its 
length. This is therefore a replica of the knees 
of shapers and milling machines. After the setting, 
the table is bolted up against the vertical slideway. 
Two faces of this table have tee-grooves, the top, 
and the side nearest, the farther side being cut to 
the curve shown. This is not a suitable form for 
heavy work, but it is very frequent in light 
machines. This example is taken from a high- 
speed, belt-driven radial of 36 in. capacity, and the 
working face of the table is 34 in. long, and its 
depth 12 in. 

Figs. 152 and 153 illustrate a table of rectangular 
form fitted to a medium-size belt-driven radial drill. 
It is rigid, being cast in one with the base that 
supports the column, and which is carried on the 
cabinet foot at that end. It is extended in width 
from the base, as indicated in the end view. The 
foot at the outer end extends nearly to the increased 





width. The advantage of being able to bolt work 
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RECENT MACHINE TOOL DEVELOPMENTS. 
. Fig. 151. 
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on three faces, and over a considerable width is 
possessed in this design. 

+ Tables for Multiple-Spindle Machines.—Figs. 
154 to 156 illustrate the table fitting of one of the 
Webster and Bennett two-spindle drilling and 
boring machines. Included is the base casting, 
Fig. 157, on which the uprights, and the brackets 
that support the table, are mounted. The base, 








Fig. 157, is a single casting. E-shaped in plan, 
carried back to receive the uprights, which are like 
planing-machine housings in outline. They are 
connected at the top with a stretcher bar, that 
carries driving gears, and elevating gear similar 
to that of planers, for making vertical adjustments 
of the cross rail which carries the saddle for the 
drilling spindles. 
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The work table is supported on two brackets— 
the table slides—Fig. 156, that are bolted to the 
base. The table fits these by guiding surfaces 
on the ends, and with flanged extensions on the 
top, Fig. 154. It cannot, therefore, be subjected 
to any diagonal twist when being moved, and it is 
amply sustained in the vertical direction. As che 
working face of the table is 41 in. long, to correspond 
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THE MICROSCOPE: ITS DESIGN, 
CONSTRUCTION AND APPLICATION. 
(Concluded from page 87.) 

Last week’s account of the general discussion on 
the Microscope, held by the Faraday Society and 
cognate bodies on Wednesday, January 14, had 
to be confined to a few of the large number of contri- 
butions presented. We notice to-day, in the first 
instance, the general communications read after 
Sir Robert Hadfield had delivered his address. 

Giving a general survey of the subject, Mr. J. E. 
Barnard, president of the Royal Microscopical 
Society, remarked that he did not wish to dis- 
cuss the differences between the Continental and 
British microscope stands in detail; but, he 
pointed out, the microscope was still mechani- 
cally and optically unstable. One could not turn a 
microscope from the vertical into the horizontal 
position without disturbing centrality and, what was 
more serious, the alignment of the optical axes. In 
many respects we should do well to go back to the 
English type of 1841 which was practically an 
optical bar. Mechanically the microscope had not 
been much improved, and the Rosenhain metal- 
jurgical microscope was almost the only innovation 
of late years. We had still too many long screws. 
As regards the numerical aperture, nsina, and 
resolving power we were limited, but could progress 
by increasing the n, the refractive index, or the a, 
half the apex angle of the cone of rays, or by 
diminishing the wave-length of the light used. 
Some day we might learn to utilise the extreme 
ultra-violet Schumann rays and even X-rays. That 
was not an idle dream. Mr. Barnard demonstrated 
with the aid of many slides how greatly the appear- 
ance of low organisms changed with the nature of 
the illumination (transmitted or dark ground) and 
with the selective absorption of radiations of special 
smal) wave-lengths. His photographs taken in 
ultraviolet light showed that much of the internal 
development brought out by the ordinary microscope 
might be spurious, whilst certain membranes were 
really double. These specimens were certainly 
remarkable, and the fine series of slides which Mr. A. 
Chaston Chapman, F.I.C., subsequently exhibited 
in demonstrating “The Application of the Micro- 
scope to the Selection and Control of Yeast in 
Brewing,” further proved how difficult the inter- 
pretation of microscopic phenomena may be. 

In his “ Notes on the History and Design of 
Photomicrographic Apparatus,” Mr. F. Martin 
Duncan, president of the Photomicrographic Society, 
pointed out that the pioneer photographic work had 
been done in France, England and America, where the 
most perfect micrographic apparatus were still made. 
He admitted that the high perfection of objectives, 
eyepieces and substages was largely due to Abbe, 
Schott and Zeiss; but that was about all the 
German contribution. He had yet to see the 
Continental model stand which would touch the 
best British production. The photomicrographic 
cameras brought out between 1889 and 1899 by 
Messrs. Swift and Mr. A. Pringle, and by Messrs, 
Baker and the late Lees Curties, with their sub- 
stantial baseboards, bellows and turntables, were 
superior to the German rod arrangement; the 
design of a good rigid vertical apparatus remained 
a matter for serious immediate consideration. 

Sir Herbert Jackson said that England was pro- 
ducing optical glass at least equal to the best from 
abroad, but the glass was not always of the same high 
accuracy. As to microscopes, in which England 
had once been leading, we had become satisfied to 
follow. The educational aspect was very important. 
The spectroscopist was trained how to use his 
spectroscope ; the microscopist could so far only re- 
ceive such instruction in the recently-created School 
of Technical Optics at South Kensington under 
Professor Cheshire, and microscopic studies were 
often abandoned as fruitless or deceptive because 
the phenomena were not understood. 

Prof. F. J. Cheshire considered ‘‘ The Mechanical 
Design of the Microscope,” from the standpoint that 
the optical industry was a key industry, and the 
microscope the most important optical instrument, 
the production of which he regarded as the 
touchstone of national success in optical activities. 
In the development of any mechanical invention 





the artistic production of the early days had to be 
followed by machine production. The microscope 
had to meet the demands of the manufacturer and 
of as great a number of users as possible, and the 
latter demands were increasing. There was a strong 
temptation to meet new demands by modifications 
of approved designs; yet a thorough overhaul of 
design might lead to startling and valuable results. 
The illumination trouble, ¢.9., might be overcome 
by the simple expedient of resting both microscope 
and lamp on geometrical bearings of the three 
radiating-groove type. 

The critical ‘‘ Notes on Microscopical Optics,” by 
Professor A. E. Conrady, of which Professor A. W. 
Porter gave a very brief abstract, will repay careful 
study. One of the few disservices which Abbe had 
done to microscopy, Mr. Conrady thought, was that 
he had pushed the numerical aperture of dry lenses 
up to 0-95 and increased that of oil lenses to 1-40. 
Few microscopists would go to the trouble of working 
with ultra-violet light ; the instruments would hence 
remain very costly whilst only available for black 
and white outline pictures; the ultra-microscope 
certainly did not constitute an advance in resolving 
power, though it could detect minute particles 
and their movements. We can only refer to 
Professor Porter’s own paper on “The Resolving 
Power of Microscopes.” Of the investigators, John 
Herschel, Fraunhofer, Airy, Foucault, Abbe, Helm- 
holtz and Rayleigh, the last-mentioned in particular 
had chiefly developed the physical side of the theory ; 
the physiological side was equally important. In 
general one might say that two lines could not be 
separated if their distance apart was less than half 
the wave-length of the light used. 

The group of papers taken next in order dealt 
with the interests and difficulties of the manu- 
facturer and the user of the microscope. Dr. R. M. 
Walmsley, Principal of the Northampton Institute, 
E.C., representing the Optical Committee of the 
British Science Guild, related how the Guild had 
conferred with the Government Departments and 
manufacturers in May, 1915, and had by October 
of the same year submitted specifications of three 
types of microscopes (for general use, advanced 
petrology, and research) ; further specifications (for 
pathological, chemical and metallurgical work) had 
been issued in 1916. Nothing could be done at 
the time, however, but the amended specifications 
would be published within a few weeks. Before 
the manufacturers could explain their standpoint, 
Dr. J. W. Evans, F.R.S., was called upon to sum- 
marise “The Requirements of the Petrological 
Microscope.” In order to identify minute crystals 
by their optical effects. Dr. Evans said, the examina- 
tion was mostly between crossed nicols, and as a 
rule the stage was rotated between the stationary 
nicols. For the study of grains mounted in oil, the 
stage had to be kept stationary, unless it could be 
rotated together with the objective (Nachet); an 
upper nicol had sometimes to be placed above the 
eyepiece (F. E. Wright). Further, for the study of 
interference figures in the “‘ directions image,” wide- 
angled immersion objectives and illuminations and 
highly refracting liquids were required. ‘1o isolate 
minute crystals and to examine twinning and zones 
a diaphragm was inserted in the focus of the eyepiece 
and a lens from Becke (Vienna) mounted above the 
diaphragm; but these latter devices were hardly 
known in this country; yet the complex petro- 
logical microscope was indispensable. 

The ‘Standard London Microscope’”’ of the 
Science Guild specifications, as then described by Mr. 
Conrad Beck, has a horseshoe base, standing on three 
feet on rubber-ring cushions; the pillar is jointed 
for inclination; the stage is covered with ebonite, 
the mechanical stage easily detachable; the draw 
tube is divided in millimetres, the standard length 
being 160 mm. (limits 140 mm. and 200 mm.). The 
coarse adjustment is by means of a spiral rack and 
pinion; both the milled heads of the novel fine 
adjustment are upon the same axis, on the right and 
left, each acting by the contact of a screw on a lever ; 
the one lever moves the body at twice the speed of 
the other. The substage is exchangeable against 
three others. Object glasses are supplied in two 
series, achromatic and apochromatic. The Beck 


| micrometer eyepiece is provided with a vernier ; 
| there are vertical millimetre divisions and (on the 





edges) horizontal half-millimetre divisions, which 
facilitate measurements considerably. The ‘‘ Stan- 
dard” microscopes were shown in the exhibition, 
but are not yet actually on the market. 

In his remarks on “‘ The Progress of Microscopy 
from a Manufacturer’s Point of View,” Mr. F.Watson 
Baker took the general standpoint of Mr. M. Duncan 
as to the merits of British and foreign microscopes. 
As regards objectives and condensers, changes in the 
curves or distances of the components had generally 
to be made even for a fresh melting of the same glass, 
and in dealing with several glasses from a fresh 
source the whole objective had to be reconstructed. 

Mr. Powell Swift said that among the chief 
features of their “‘ New Microscope ” were rigidity, 
a tripod base, a body 2in. in diameter, a stage 
carried in a massive right-angle cradle racking 
up and down with all apparatus, a mechanical 
stage rotating concentrically, provided with 
centring screws for adjusting it to the optical 
axis, and a substage provided with two cradles as in 
the Sloan objective changer of Messrs. Beck, whose 
double-lever fine adjustment they had also adopted. 
The body of the microscope was furnished with a 
similar cradle so that nose-pieces of special character 
and special apparatus for various research could 
instantly be fitted in. 

Sir Robert Hadfield put these general papers to 
discussion. Mr. J. William Gifford mentioned that 
he had not yet been able to compute combinations 
of three glasses for sufficiently long focus, and he 
subsequently joined other speakers in comments on 
the claimed general superiority of British produc- 
tions. His two early Zeiss lenses had not suffered 
at all in the course of years. Commander M. A. 
Ainsley, R.N., of Woolwich, said that he had found 
a Swift aprochromat quite equal to his 18 Zeiss 
lenses; but the British average was not high, 
the perfection reaching 95 per cent. in, say, 10 per 
cent. of*the production. Dr. Bousfield, speaking 
from a very long experience with Lees-Curties 
instruments, said that the original Jena lenses had 
been of the finest quality, but the glasses were 
attacked by the atmosphere, and the substitutions 
provided had given flatter fields ; as regards curva- 
ture of field he had found the lenses of Neuhaus, of 
Berlin, best. 

For the “‘ Testing of Objectives,” Mr. F. Twyman, 
of Messrs. Adam Hilger, recommended his inter- 
ferometer method in which, he said, microscope 
makers had not so far taken any interest; the 
method is used at the Nationa] Physical Laboratory, 
as we have mentioned. In this instrument the 
interferences appeared to be located on the back 
lens of the objectives under test and to represent 
a contour map to a scale of the aberrations of 
wave surface produced by the objective under test. 
Dr. H. Hartridge, of Cambridge, had sent in a short 
paper on another method; he measures with a 
micrometer the position of the image pattern 
obtained when different parts of the objective 
aperture are used; with a perfect lens in correct 
focus there should be no movement of the image 
pattern. Mr. Gifford described, in a “ Note on 
Light Filters for the Microscope and Photomicro- 
graphy,” how cells of peacock-green glass could be 
made with the aid of gold size and soft metal rings 
to fit into the substage of the condenser. He had 
first used solutions of malachite green which absorbed 
all the visual spectrum bands near F and B (red), 
further absorbing the red by signal-green, and had 
later replaced the signal-green by peacock-green. 
One of these filters he had already used for twenty 
years. 

With respect to the “ Annealing of Glass,” Mr. 
Twyman said that the disappearance of stress in a 
viscous body had been considered by Maxwell— 
oddly enough in a paper on the “‘ Dynamic Theory 
of Gases ’’—who connected stress, time and tempera- 
ture by the equations F = ES. e-*/T, where F was 
the coefficient of viscosity, E the coefficient of 
elasticity for the particular stress 8S, T the “ time of 
relaxation” and @ the temperature. They had in 
their experiments found that for glassware 95 per 
cent. of the original stress should at the annealing 
temperature disappear within 3 minutes, modified 
conditions holding for optical glass. All their 
glasses, they had found, in the neighbourhood of 
the annealing range doubled their mobility—the 
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reciprocal of viscosity—for every 8 deg. C. rise of 
temperature. 

Dr. W. E. S. Turner’s “‘ Note on Optical Glass ” 
contained the statement that America was still far 
behind England in the manufacture of optical glass, 
and that in the last few months all the plants— 
except that of the Spencer Lens Company, Hamburg, 
New York, and the experimental plant of the 
Bureau of Standards, Washington—had been closed 
down ; thus English glass would find a market over 
there. Dr. Turner also mentioned that he had 
received a beautiful specimen of calcium fluoride 
from Johannesburg. On this point Mr. R. L. Mond, 
M.A., offered a short communication; a search 
for colourless fluorspar made in Canada showed that 
this mineral—valuable because it, almost alone, is 
transparent to Schumann rays—seemed to be very 
rare. 

Dr. A. E. H. Tutton, F.R.S., drew attention to 


and fluorescence within the tube and at the back 
of the objective. The source of illumination should 
have a reasonable area (2 cm. diameter) and be so 
placed behind ground glass or an opal shade opposite 
the instrument that the distance of the source from 
the illuminator mirror was equal to the distance of 
that mirror from the back focus of the objective ; 
only an iris diaphragm was then required just 
outside the illuminator aperture. The lamp was 
in his microscope (Fig. 7) mounted with a short tube 
in a ventilated case ; pointolite lamps so far did not 
offer sufficiently large areas. As regards the fine 
focusing of the microscope when used for photo- 





graphic purposes he had devised the arrangement 
illustrated in Fig. 8 to avoid all the lateral pull 
generally accompanying the use of gearing or cords. 
The focusing rod extending along the camera was 
connected by pulleys and a belt with a rotating 
spindle which had its independent bearing, but was 


the valuable aid that the “‘ Grayson Rulings,” of up| always axial with the fine adjustment of the micro- 


to 120,000 lines to the inch, could render in studying | scope. 


Near its end the spindle carried a small cross 











Fig, 7. 


high resolution and in actual calibration and mea- 
surement ; Professor Grayson having recently died 
in Melbourne, it was to be hoped that Melbourne 
University should keep his ruling machine available 
for the production of Grayson rulings. General 
, notes on “The Future of the Microscope ” were pre- 
sented by Mr. H. Le Chatelier and by Mr. Eugéne 
Schneider, of Creusot ; the latter also exhibited a 
microscope for measuring Brinell impressions con- 
structed by the Société d’Optique et de Mécanique 
de Haute Précision, of Paris. 

We also notice a paper by Mr. R. J. E. Hanson, 
F.R.C.S., on “ Fatigue Factors Incidental in the 
Use of Certain Optical Instruments.” He exhibited 
working models of a headpiece attachable to any 
standard tube microscope without necessitating 
structural alterations, though he intended to arrange 
a bracket with attachment at or below the trunnion 
in new microscopes. This “dyoptikon” is a 
sliding head rest with rubber tubular buffer to lessen 
fatigue and mal-orientation of the eyes; the eyes 
may be used alternately, and neither eye need be 
closed. 

The last, large group of papers discussed was that 
of “ Metallurgical Microscopes.” Dr. W. Rosenhain, 
first called upon, explained that the microscope 
should be rigid ; it should dispense with all avoidable 
parts, ¢.g., the coarse movement of focusing the 
body tube. Working with ultraviolet light was 
laborious, the results seemed not very satis- 





ILLUMINATOR FOR METALLURGICAL MICROSCOPES. 





factory, and there was much internal scattering 





Further general papers on metallurgical micro- 
scopes and photo microscopes were presented by 
Messrs. Leslie Aitchison, D.Met., and F. Atkinson ; 
by Mr. J. H. G. Monypenny ; by Dr. F. C, Thomp- 
son; by Mr. Henry M. Sayers; and by Messrs. 
J. R. E, Slade and G. I. Higson (especially on 
illumination). Descriptions of new microscopes had 
been sent in by Professor F. Giolitti, by Professor 
Albert Sauveur (made by the Bausch and Lomb 
Company, of Rochester, New York), and by 
Mr. A. Silverman (illuminator). A very simple 
workshop microscope was exhibited by Dr. J. E. 
Stead, F.R.S. The chief feature is that there are 
two objectives, one of low power, the other of high 
power, sliding horizontally at the lower end of the 
tube ; when the object, underneath both of them, 
is focused for one of the objectives, and the slide 
moved, the object remains in focus for the other 
objective. The illumination is by a small electric 
lamp mounted in a horizontal tube; the light falls 
on a disc, inclined at 45 deg., which reaches half-way 








rod, which in our Fig. 8 is seen just protruding 
from one of the two longitudinal slots, diametrically 
opposite one another in the light tube ; the latter was 
fixed to the fine adjustment head. When the 
operator turned the focusing handle, the cross rod 
merely turned the adjustment without displacing it ; 
the rod being less wide than the slot, and the belt 
slightly elastic, the rod and spindle sprang back as 
soon as the operator’s hand was removed, and the 
rod was brought out of contact with the tube ; thus 
the microscope was left entirely free from contact 
with the focusing gear. The tube was given a 
certain length, so that the fine focusing adjustment 
could be moved through a considerable distance by 
the coarse focusing of the stage. 

Most of the other contributors of papers made 
detailed suggestions for the Design and Construction 
of Metallurgical Microscopes. Professor Cecil H. 
Desch said he had often found British design and 
workmanship to be good, but the instruments were 
apt to fail in long service, racks and screws worked 
loose, probably because the brass used was too 
soft ; the provision of adjustment screws, which his 
Zeiss instruments did not need, was itself a con- 
fession of weakness. For vertical illumination he 
preferred a disc to a prism ; on this point we shall 
have more to say on another occasion with respect 
to a paper by Messrs. Carl Benedicke and Erik 
Walldow, of Stockholm, on “ High Magnification 
Micrographs,” which arrived too late for presenta- 
tion at the meeting. 
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into the illuminator tube. The dry cell and switch 
of the instrument fit into the pocket, and the micro- 
scope itself into a small box. 

Finally we may mention papers by Mr. 8. Whyte, 
of Redhill, on “ The Use and Need of the Microscope 
in Engineering Works,” and by Dr. R. 8S. Willows, 


on the “ Microscope Outfit of a Textile Research 
Laboratory.” 





ContIneNTAL TRADE Farrs.—According to The 
Board of Trade Journal, full ented are now available 
regarding the forthcoming International Fair at Milan. 
The 1920 Fair will open on April 1 and run for a fortnight. 
The organisers are erecting huts, which measure 3-5 m. 
square, to be let to foreign exhibitors at 1,450 lira 
stand. Twenty of these are placed at the diapeadl of 
Great Britain. The Italian Government is consideri 
the question of freight and Customs facilities for visiting 
exhibitors. The Central Powers are ruled out by the 
regulations of the the fair, and only allied or neutral 
firms may exhibit. Amongst the trades for which there 
are specially openings for forming a British market 
are textiles, chemicals, hinery i raw 
materials. ‘The organisers hope in 
and autumn fairs annually. The committee @ 
at a recent meeting of the Chamber of Commerce to 
inquire into the location and organisation of Swedish 
Trade Fairs has now drafted its proposals. This com- 
mittee, it is stated, have circularised interested 
and the majority of the latter are in favour of 
only one fair for the whole of Sweden—this fair to be 
in Gothenburg. The committee have adopted these 

dations, but, in view of the fact that prepara- 
tions are now well advanced for holding next year fairs 
at Sundsvall and Malmo, have decided that the new 
organisation shall not come into force until 1921. 
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THE HURST-TOML INSON EXTENSOMETER 


Exrznsometers have hitherto been seldom used 
in the routine commercial testing of the properties of 
metals used in engineering construction, and until 
recently it has not been consi necessary to include 
any determination of the elastic limit of the test-piece. 

The omission of the elastic limit determination is 
fairly satisfactory so long as the number of different 
materials in ordinary use is limited to comparatively 
few and their elastic properties are well understood. 
Thus, for example, in testing @ piece of mild steel, the 
general type of relation between stress and extension 
is so well known that sufficient information could be 
obtained by measuring the ultimate stress and in some 
cases perhaps also a rough estimate of the yield-point 
by means of a pair of dividers. 

Within recent years, however, rapid progress has 
been made in metallurgy, and many new varieties of 
special steels and alloys have been introduced which 
have such valuable properties that they have rapidly 
come into very general use. Many of these new 
materials have to receive special heat treatment, which 
greatly affects their elastic properties, and it is highly 
important that every test should include a reliable 
measurement of the elastic limit. A measurement of 
the ultimate strength only is inadequate, and any 
conclusions based on this may be seriously misleading, 
and may result in the breakdown of a number of 
machine parts if the heat treatment has not been 
correctly carried out. 

This aspect of the question has been rag, umn 
dealt with during recent years by many of the leading 
metallurgists and engineers who have often pleaded 
for the more extended determination of the elastic 
properties in the commercial testing of steel. 

he determination of the elastic limit involves 
the use of an extensometer, and it is very desirable 
that the type of instrument shall be such that the 
time required for the test is not unduly increased by 
inciuding the observation of the elastic limit, and in 
many cases it is of importance that the instrument 
should be capable of being used efficiently by a 
comparatively unskilled observer. 


The Hurst-Tomlinson extensometer has been intro- | 


duced more especially for use in commercial testing 
laboratories and engineer.ng works laboratories where 
the daily routine involves a large number of tests 
and the time necessary for each test is a very im- 
portant factor. The object has been to produce 
a strong and durable instrument which can be 
rapidly attached to and detached from the test-piece, 
and by which the extension can be measured as simply 
and directly as the corresponding load. At the same 
time the degree of rca Sige: accuracy which has 
been found by experience to be desirable in an extenso- 
meter has been maintained, and the instrument is in 
every respect suitable for use in more detailed tests 
of materials or in special investigations of the elastic 
properties. Also owing to its simplicity and robustness 
it is @ very suitable instrument for the use of students 
in engineering laboratories. 

The Hurst-Tomlinson extensometer herewith illus- 
trated is adapted for use on a specimen 2 in. in length, 
as this is the length most frequently employed in 
commercial testing. It can, of course, be attached to 
specimens of any length greater than this if required. 
Specimens of any diameter up to 1 in. can be , 

The extension of the test-piece is measured by a well- 
known high-grade dial indicator, which is actuated by 
a compound lever which magnifies the actual extension 
of the 2 in. length in the ratio of 10 to 1, The scale 
of the indicator is graduated in thousandths of an 
inch, so that one division corresponds to an extension 
of 0-0001 in. and by estimating to a fifth of a division 
the extension can be readily measured to the nearest 
0-00002 in. The instrument is thus very sensitive, 
while at the same time it is direct reading, and the 
observation of the extension can be made in the 
minimum time. 

A special feature of the extensometer is the method 
of procedure in attaching it to the test-piece. This 
is so designe that it is only necessary to place it 
against the specimen and tighten up the clamping 
screws and the points of the screws will be ney 
placed 2 in. apart, and all lie in a plane throug 
the axis. Thus the test-piece requires no preparation 
to receive the extensometer such ss marking out the 
position of the centres with a punch. The time 
necessary for attaching the instrument is in this way 
reduced ‘to only a small proportion of the total time 

uired for fixing the test-piece in the testing machine. 
When the extensometer is not actually in use, as 
during the process of attachment or removal, it forms 
one rigid piece, and is therefore very easily handled. 

Referring to the illustrations of the imstrament, 
Figs. 1 to 3 on this , it will be seen that it 
is provided with two forked levers and fitted at the fork 
with pointed clam screws which, when tightened 
on the test-piece, form the pivots of the levers. The 
dial indicator is attached to one end of the upper 





lever A, and the other end, beyond the test-piece, has 
a stout vertical lug extending downwards from one 
extremity of the fork nearly to the level of the lower 
lever B. Here the lug bends inwards, and one arm 
of the fork of the lower lever extends inwards in the 
same way. 

The two levers are connected by a short length of 
piano wire C, which lies in the central vertical plane of 
the two levers. This forms an elastic hinge, so that 
as the test-piece stretches the free ends of the levers 
open away from one another. This method of connect- 
ing the levers also permits the test-piece to straighten 
out slightly under the load, if originally slightly bent, 
without straining the extensometer. The lower 
lever is shorter than the upper one, and it carries at the 
free end a short vertical screw D with a large milled 
head. 

The end of this screw is rounded and polished, and 
bears on the end of the shorter arm of a third lever E, 
which is attached by a short length of flexible steel 
ribbon to a bracket which is screwed and dowelled to 
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the upper main lever. The end of the longer arm of 
this third lever bears upwards on the end of the plunger 
of the dial indicator. The system of levers is pro- 
portioned so that the movement transmitted to the 
indicator is 10 times the extension of the test-piece. 
By turning the milled head of the screw the dial 
indicator can be brought to zero before the load is 
applied, a light spring maintaining the end of the small 
lever in contact with the point of the screw. While 
the extensometer is being attached it is necessary for 
the two main levers to be rigidly locked with the axis 
of the clamping points parallel and at a distance of 
2 in. apart. This is accomplished by inserting two 
locking pins, not shown in the drawing, one of which 
constrains the axes to be parallel, while the other 
fixes the distance between them. The first pin is 
placed in the same horizontal plane as the wire hinge 
and its axis intersects the centre of the wire so that 
the insertion of this pin leaves the levers only one 
degree of freedom. e second pin correctly fixes the 


relative positions of the two levers. 
In order to ensure that the clamping points shall 





grip the test-piece along a diameter and not along a 
shorter chord, two bearing screws are placed in the 
forked part of each lever inclined at about 45 deg. 
The usual diameter of the reduced part of the test- 
piece is 0-564 in., which gives a cross-section area of 
+ sq. in., and the length of the screws is such that 
when just tight the ends are 0-282 in. away from the 
vertical plane heey the clamping points. 

When attaching the extensometer it is simply held 
up against the test-piece bearing on the ends of the 
four bearing screws, and the clamping screws are 
tightened, the points then piercing the test-piece along 
two diameters. The extensometer is thus a self-con- 
tained marking-out jig. Assoon as the instrument is 
fixed to the test-piece, the four screws are very slightly 
slackened so that they are just clear while the test is 
being made. 

In order to render this device applicable to other 
diameters of specimen if required, the four bearing 
screws are each provided with a short sleeve under 
the head, which can easily be replaced by other sleeves 
longer or shorter, according to the diameter of the 
specimen. The instrument is being manufactured by 
Charles W. Cook, Limited, the University Engineering 
Works, Manchester. 





DIRECTION AND POSITION FINDING.* 
By Captain H. J. Rounp. 
PRELIMINARY. 


THE major portion of this paper is confined to a sketch 
of the war development of direction and position finding 
as far as it was known to me. 

The general ideas involved in wireless direction 
finding and position finding are fairly well known now, 
but I have thought that it would be better to give an 
elementary introduction to the subject in order to 
make the ey more complete. This introduction 
will simplify the discussion afterwards of various side 
issues which have become important in the practice 
of the art. 

General Reception.—For consideration an electrical 
wave can be divided artificially into two components, 
the electrical and the magnetic components. 

In an ordinary electrical wave these two components 
are at right angles, and the direction of travel of the 
wave is at right angles to both of these components, 

If we take a conductor such as a wire, and place it 
in the field of the wave and parallel to the electrical 
lines of force, the field applies a voltage to the wire 
and the wire attempts to iaioey the field. 

Obviously, however much the field was moving 
(consider the limiting case when the wave-length is 
very long), if its strength remained the same no useful 
result would be produced in the wire, but if the field 
varies from time to time, a varying electromotive 
force results in a varying current in the wire and, from 
this varying current, energy can be obtained in outside 
circuits. ‘ 

A wire at right angles to this electrical field has no 
electromotive force induced in it. 

For certain reasons these fields are usually ‘made 
to vary with a simple harmonic motion, and the result 
on a conductor placed in the right direction is a simple 
harmonic electromotive force. 

The resulting currents, and the phases of these 
currents in these conductors, depend on their electrical 
constants, which again depend partly upon their 
mechanical dimensions. If the conductor is fitted 
with inductance and capacity adjusted to be in resonance 
with the simple harmonic motion of the wave, the 
currents in the conductor will be in phase with the 
applied electromotive force. 

if the inductive reactance is predominant, the current 
will lag. If the icenak reactance is predominant the 
= will lead relatively to the applied electromotive 

orce. ’ 

If instead of considering the effect of the electrical 
field on the conductor we consider the effect of the 
magnetic field, that is, the number of magnetic lines 
cutting the conductor per second, producing a certain 
applied voltage, we are talking about the same thing, 
but sometimes this will give a clearer mental picture 
of what is happening. 

Directional Reception.—If two similar conductors are 
chosen parallel to the electrical lines of the wave, but 
spaced along the direction of propagation, it is easy to 
see that the currents produced in them will differ in 
phase, and if we algebraically add these currents by 
means of some such arrangement as in Fig. 1 (page 109), 
we can produce new effects. 

The single conductor we have been considering will 
have no knowledge of the direction of the wave motion 
because, from whatever the direction the wave is coming, 
the currents produced will have the same amplitude, 
provided the electrical force of the wave remains parallel 
to the conductor. 

The currents in the two conductors, if added alge- 
braically in a certain way, will, however, enable us 
to determine the actual direction of the wave, although 
we shall have still no knowledge of what is called the 
sense of that direction. 

Suppose in Fig. 1 we actually subtract the two 
resultant currents by making the two conductors of 
electrically the same constants, and subtracting on a 
transformer T placed half-way between the two. Then 
we can easily see that a wave coming from the direction 





* Paper read before the Institution of Electrical 
Engineers, January 14, 1920. 
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of the plane of the two conductors will not produce | the plane of the wires A and B the electromotive forces | of a subtraction. Instead of rotating ‘the frame, the 
currents of the same phase, except in a few particular | induced in 8 and S’ are equal and o: ite in their action | rotation of the transmitter round the recei gives 


eases when the distance between the conductors is one, 
two, or more wave-lengths exactly, and consequently 
a resultant current will be left. 

But if the direction of the wave is at right angles to 
the plane of the two conductors, the two currents, then 
being exactly in phase, will balance and no resultant 
current will occur. 

Every other direction of wave will have a resultant 
current. 

Fig. 2 gives the well-known polar diagram of reception 
on such a system. I have marked the two halves 
of this figure positive and negative for the following 
reaso 


n. 

If the subtraction of the two currents is examined 
with regard to the phase of the resultant current, it 
will be seen that the phase remains the same throughout 
each circle, the current merely altering in amplitude, 
but the phase is completely reversed in the other circle. 

Such a system as this, if we could arrange to shift 
the two conductors on a circle round an axis between 
them, would enable us, by plotting the curve of Fig. 2 
for any wave, to determine the direction of that wave, 
and obviously, if we had somewhere a standard of 
phase, we could also get the sense of that direction by 
using the reversal of phase through the zeros. 

In such a system as these two conductors, we are 
not limited to the simple subtraction of currents in 





Fig.2. 


on the conductors A and B, an 
wave give the diagram of 


Fig. 2. 

fe is almost obvious that such a system can be replaced 
by a single horizontal wire above the surface of the 
earth, and even under the surface, depending on the 
conductivity and dielectric constants of the ground. 

Of course, if one considers the final currents produced 
in such a circuit, their values will now be determined 


other directions of 
reception represented in 


the same effect ; consequently we are enabled to deter- 
mine the sense of the direction of a station. 

It will be seen that even if the phases of the frame 
and the vertical aerial are obtained correctly, unless 
the strength is obtained correctly also the zeros will 
not be ite the maximum. Fig. 8 represents a 
series of “akewnes obtained by the addition of various 
strengths of signals in the frame and the vertical aerial. 
These will be of interest in a later part of the paper 





_—— by the conductivity and dielectric constants of 
and 8’, and it is not immediately obvious what the 
values of such currents are. 

An element of this earth effect undoubtedly occurs 
in reception even on frames, but it is probably minimised 
by we the frame away from the earth’s surface 
as much as possible, and of course it will usually be 
approximately uniform in any direction. 

Cosine i m.—-Returning to the two vertical 
conductors or the frame-receiving aerial, it is now obvious 
that the electromotive force in such a system depends 
upon the angle which such a frame has to the direction of 
the wave. It can easily be shown that if the frame’s 
dimensions are small compared with a wave-length, 
this electromotive force is proportional to cos ¢ where ¢ 
is the angle of the plane of the frame to the direction 
of the wave (see Appendix 1). 

Bellini-Tosi Aerials.—In practice 


Fig.’. 


the operation 


ling with instrumental errors. Some of these 
diagrams were obtained by Marconi on his original 
horizontal aerial iments. 

Practical Question of Takirig Readings.—In practice 
such a process as plotting the cosine diagram from a 
station is im ible. Time is usually against one, and 
the question is introduced how, with some aerial arrange- 
ment such as described, can the direction of the wave 
be read ? 

An examination of Fig. 2 shows that both maxima 
are very flat, that is, a large change of angle round 
these maxima gives a very small change of strength. 

The zero of strength is extremely sharp, and theoreti- 
cally if one determines directions by observing the 

tion of this zero the best results should be obtained, 
ut several limitations enter here. 

1. The signal zero extends over an angle owing to 
weakness, 
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the conductors. We can misphase our currents in the 
conductors and add them, or obtain the same final 
result in still other ways. 

This system of two conductors would be very difficult 
to use in practice if the distance between them was 
great. Obviously to bring them nearer together will 
give a weaker resultant current, but this is actually 
done so as to enable the conuuctors to be easily moved 
on @ common axis. To avoid the complication of 
transformers, other methods of addition or subtraction 
are used, 

A simple bent conductor with resonance arrangements 
(Fig. 3) is one form of combined conductor suitable 
for direction finding. The conductors may, however, be 
joined at both top and bottom (Fig. 4) and the well- 
known frame aerial made up. Or a large number of 
conductors can be arranged in a circle with switching 
arrangements to switch to any opposite pair, or finally 
the well-known Bellini-Tosi method may be used to 
enable four conductors to be added together in such a 
way as to give the effect of a rotated pair. 

Effect of Earth.—Before, however, describing this last 
method, I will introduce the question of the earth in 
directional reception. 

If a straight copper wire A (Fig. 5)is pointed directly 
at a source of waves, and there are no other bodies near 
to distort the fields, no longitudinal currents will be 
induced in the wire except those of a second order, 
due to skin effects. 

If another wire B is placed parallel to A, this also 
will have no currents induced in it. Neither of these 
wires will cut the magnetic lines. 

But if a conductor 8 is placed between A and B at 
one end, the magnetic lines can now cut 8S, and the 
resultant difference of potential in S at its ends will 
induce in A and B an electromotive force which will 
result in currents in both A and B. If we replace the 
conductor 8 by a substance usually called an insulator, 
which has a greater dielectric capacity than ether, 
then if the dielectric current can be assumed to be 
made up of the displacement current in ether, plus 
elastic motion of electrons, currents will also be induced 
in A and B ; but whereas in the case of a leaky dielectric 
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required to draw the polar curve may be difficult if the 
frame is fairly large—in other words the mechanical 
means for turning it will be cumbrous. So resource is 
had to a method of combining the effect of two frames 
placed with their planes at right angles to one another, 
the plane of each frame being vertical to the earth. 
This is done by connecting a piece of apparatus to the 
two frames so that in this piece of apparatus a miniature 
but concentrated duplicate is made of the original 
magnetic field of the wave, the only difference being that 
as now there is no electrica! field, we are not actually 
dealing with a wave in motion. But if the electrical 
wave now shifts its direction through an angle ¢ the 
magnetic field will, in the subsidiary piece of apparatus, 
shift through ¢ degrees also, Consequently we can place 
in this miniature magnetic field a small frame an inch 
or so in size and determine the polar curves of various 
stations. 

The simplest way of making this apparatus is to 
wind two coils at right angles as a miniature of the 
big aerial frame system, and to connect each of these 
two coils to an aerial. If we imagine each coil is placed 
parallel to the aerial frame to which it is connected, and 
the connections are the right way round, it will be seen 
that the miniature magnetic field is parallel to the main 
magnetic field of the wave. 

Of course, there is no actual necessity to place the 
apparatus in this position, but, curiously enough, in 
the avoidance of certain errors, it has sometimes been 
found advisable to do so. This piece of apparatus 
invented by Bellini-Tosi is called a radiogoniometer. 
Fig. 6 shows two aerials and the coils to which the 
are connected, and Fig. 7 the two coils with the small 
rotatable frame. 

Determination of Sense.—There is one other point 
that is of interest in direction-finding work, and that is 
the determination of the sense as well as the direction. 
I have noted that the two loops in Fig. 2 pod 
currents opposite in phase, and that any method of deter- 
mining this difference of phase will give the sense. 
It is clear that, if a single straight conductor is erected 
at the centre of such a frame, the phase of the electro- 
motive force in it will be independent of the direction of 
the signal. Therefore if we can combine the currents 
in this aerial and the frame so as to detect the phase 
change on the frame we can read off the sense. 

I have noted in Appendix | that these two currents 
are 90 deg. out of phase, the vertical current representing 
the electrical field of the wave, and the frame repre- 

ting the rate of change of the field, so that, to combine 








or conductor the ti of the electrons is partly 
inelastic and the energy of the motion is part!y lost, 
in the case of an i inary perfect dielectric no energy 
will be lost in the dielectric. 

_ Such a system it will be seen is not, however, direc- 
tional ; because, from any direction, the wave will induce 
the same electromotive force, but if we place another 
conductor at S’ the result, itis easy to see, is a directional 

system similar to the frame of Fig. 4, because 


receivi 
when the direction of the wave is at right angles to 





these currents so as to produce a zero of addition at 
any position, a misphasing operation has to be done 
on one aerial. For instance, the frame may be tuned 
and the vertical aerial left untuned. 

Now if we obtain a zero reading from a signal in one 
direction by adding together the effects on the frame 
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Fia. 9.—X Yand X Y’ represent the two positions of a rotat- 
ing frame or a rotating search coil of a Bellini-Tosi set to 


give the two equal strengths O Y and O Y’ required by the 
op:»rato- to determine the direction O Z of the minimum 
of signals, 


2. As will be mentioned efterwards the actual zeros 
are very often indefinite. 

3. Any jamming is, at this point, liable to interfere 
with the signal more than at points where the signals 
are strong. 

For all purposes in the present state of wireless, 
I must assume that telephone recep ion will be used. 
The loss of the characteristics of a signal which any 
recording method necessitates is too great a loss to be 
Ralensel by almost any conceivable other advantage 
of recording, except possibly in very particular cases 
where a great strength is being dealt with, or wave- 
lengths are being used which are far away from the 
normal field. 

Instead of reading the zero position an alternative 
is to read two positions of equal strength, and this is, 
and always has n, done in practice. 

In nd frame or Bollini-Tosi practice, the 
operator swings his moving coil to two positions giving 
equal strength, and assumes the zero or maximum lies 
half-way between the two positions. Depending. upon 
circumstances, he may swing through a narrow angle 
or a wide angle. It is a simple step from this to arrange 
two coils swinging together, with a changeover key to 
change from one coil to the other, so as to obtain again 
equality of strength. 

This latter method which was tried out long before the 
war was again attem with modern gear, but in prac- 
tice, alchough possibly giving slightly more accuracy 
with untrained men, it was rejected because it was slower 
to use than the swinging by hand, and one always 
to make sure whether the swinging was being done round 
a@ minimum or a maximum. Also the variable angle of 
swing was not easy to arrange while ensuring the accuracy 
of plac ng of the coils, 

‘he Royal Air Force used this switch on aeroplanes, 
but instead of arranging two frames at the necessary 
angle, they took one frame and added to it a frame at 
right angles, connected first one way and then the 
other way. This is obviously the same thing. The 
angle between the equivalent frames is altered vy altering 
the ratio of the sizes of the two Royal Air Force frames. 
I have not so far, even on aeroplanes, found the necessity 
of using givens a ments, the operation. bei 
easily performed by hand swinging of the search coi 
but possibly in the future it may be introduced on 
navigatio' stations when other sources of errors are 
eliminated. 

I have mentioned that to read the maximum is not 
directly possible on account of its bluntness. It is 
rather interesting to speculate whether it is possible 





and vertical aerial, a rotation of the frame th h 


180 deg. gives a phase shift in the frame of 180 deg. 
eee in the vertical aerial is unaltered, we 
shall get an addition of the two aerial currents instead 


to obtain a sharp maximum, 
One can only imagine the production of a real ray 
covering with receivers a great area of wave 


effect. b 
front. ut I can conceive of an apparently sharp 
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reconverting this in‘ -frequency current, and 
rectifying again (Fig. 10); Sg i the 
tiometer with a valve detector, and ampli- 

ing afterwards. Exactly what would with 
such a scheme with jamming stations different 
strengths is very doubtful, and one advantage 
of the cosine diagram would be lost, for, with a real 
maximum system, it would be to have an 


a stand-by scheme with which to hear 

stations, but the cosine diagram is, with an occasional 

shift of the pointer, good enough as a stand-by. 
HisrornicaL SxetcH or Wak-TIME DEVELOPMENT. 


It would bably start a controversy to go too 
closely into ti ‘eo conception of directional recep- 
tion, Fitzgerald, ore Hertz, suggested frames for 
radiating, and probably, with his insight into hos 
noted possible directional properties. Hertz undoubtedly 
recognised directional op in his ae loop, 
but this was one which was not very we!l cl . All 
this was before Marconi’s original work with vertically- 
polarised radiation. 

In about egg. Ya Gea ee ae and others 

the use o aeri or the purpose of 
obtaining non-circular radiation. The frame aerial 
was probably first suggested by Dr. Lee de Forest. 
> 1906 Braun combined aerials to give heart-shaped 


Sorcent determined the radiation curves (Fig. 11) 
of bent and long horizontal aerials, and the 
first directivn-finding system which utilised the position 
iven by signals when at their maximum strength. 

hat directional reception was a | pone Foy ition 
over short distances in 1905-1906 I can testify, use 
on Long Island, N.Y., in about 1905, I did a large number 
of experiments with multi-turn receiving frames using 
a gnetic detector in series with them. Signals 
were received over distances up to three miles from a plain 
aerial transmitting station. The insensitiveness of the 
detector eliminated any possibility of practical use, and 
after various tests, which included the addition of 
vertical aerials and frames to produce heart-shaped 
diagrams, but which did not include any conception of 
the Bellini-Tosi scheme, the tests were dropped. 

Artom suggested and used a directional method, 
but the indefiniteness of the original description pre- 
vented = clear conception of his ideas. 

Bellini-T osi h revived the subject, and the 
system began to have a practical form when Major Prince, 
in 1912, modified the Bellini aerial to complete frames. 
The Bellini-Tosi idea was so complete that one might 
say that all work after the original conception consisted 
in carrying out correctly the idea and in the improve- 
ment of the receiving apparatus. The sensitiveness of 
the crystal, although greater than either the magnetic 
or electrolytic detectors, still limited the ranges of 
reception very tly on directional aerials. 

In 1913-14 I had in operation short-wave wireless 
telephone sets using three electrode valves for both 
transmission and reception. 'The development of simpli- 
fied receiving circuits using these valves, utilising both 
high-frequency and low-frequency magnification, 

the revival of the radiogoniometer for war 
Pp almost immediately after war broke out. 

Bark War Trials.—Early in September, 1914, possible 
uses of direction finding began to be evident to us, and 
we decided to try to improve the Bellini-Tosi arrang t 
so as to increase its accuracy and range. A Bellini-Tosi 
aerial system was erected on a 70-ft. field station mast at 
Broomfield. Standard Bellini-Tosi radiogoniometers 
were connected up to the receiving gear which was 
arranged to use either :—- 


1. Crystal only, or 

2, Valve plus crystal. 
I was very doubtful whether, when using the valve, 
reaction effects would not cause serious trouble, but 
fortunately this did not appear to be the case. Other 
troubles, however, did appear. 

Owing to the short distance over which it was possible 
to receive signals on a frame when using only a c 
as a detector, none but the very strong stations could 
be received. It had been, therefore, usually impossible 
to obtain a large number of readings with which one could 
check the accuracy of the radiogoniometer. When 
starting work with the valve plus crystal, I found great 
divergence between the observed and true directions. 
In every case where it was possible to do so, directions 
were taken when using (1) crystal only, and (2) valve 
plus crystal. In each case the observed directions 
agreed, which pointed to the fact that the errors were 
probably not due to the valve. Finally, nearly all 
errors were put down to two causes :— 

1. A coupling between the two aerial systems not 
due to the search coil. This gave maximum errors in 
the plane of either aerial. 

2. Incorrect tuning and consequent mis-phasing of 
the two aerial systems. This rave maximum errors 
in the plane of 45 deg. between the two aerials. 

The first difficulty was overcome by setting out the 
aerial systems accurately and by more accurate manu- 
facture of the radiogoniometers. The second, by 
abolishing the double condenser, which tended to 
tune the two aerials ee and by using two 
separate condensers. Tuning and phasing was done 
by means of a small buzzer transmitting radiogonio- 
meter coupled to the aerial systems. 

The correction of the first error, until quite recently, 
always gave us trouble, particularly with short waves. 
This was owing to the electric coupling between the 
two aerials. Incidentally the that 
this coupling was zero were rather troublesome. 

Another series of errors appeared afterwards, due 




















to badly-constructed aerial ing pene, and to 
very i dielectric losses. The condensers first 
used had ebonite as the dielectric, and any smal: difference 
in the internal losses was swamped by the large internal 
loss. Other dielectric losses, such as those in walls 
and tables, were not noticeable until later. This was 
pan ar saggy ere gg cage the Be 
wave-length, and the potenti at the ends of the 
aerials uently became higher. 

The in uction later of condensers having air as 
the dielectric gave trouble. This was owing to the 
type used being a built-up aluminium-vane condenser. 
It was found practically impossible to avoid resistance 
in the condenser, as the contact to the aluminium 
vanes could never be made perfectly good. We there- 
fore reverted to brass vanes solidly soldered up, and after 
this all trouble vanished from a condenser resistance 
point of view. 

Aerial Systems Used.—The first owmelie qapmecy were 
small diamond-shaped frames, suppo on 70-ft. 
wooden masts (Fig. 12), the corners of the diamond 
being guyed out by ropes. A little later on, in the days 
when wood was still cheap, we erected four masts and 
ely square frames (Fig. 13). This seems to be the 

form of aerial for general all-round accuracy. Still 












































(ex77) Tight Coupled 


later, on account of the cost of masts, we reverted to the 
diamond-shaped frames with one high central mast and 
four small corner masts (Fig. 14). 

Multi-turn frames were seldom of any use in the 
Bellini-Tosi work ; a condenser could always be inserted 
to tune up one-turn frames and, of course, direct con- 
nection with the aerials, as in rotating framework, 
is not required. Multi-turns, even if used in parallel 
to reduce inductance, have the disadvantage that the 
inductance varies in windy weather. 

A few dimensions are appended of single-turn frames 
for the various wave-lengths chiefly used 








Wave-length. Shape. | Height. | Diameter. 
| ft. ft. 
200 m. to 400 m. -| Diamond 50 50 
400 m. to 800 m. -| (1) Square 60 60 
(2) Diamond 90 90 
800 m. upwards P g uare 120 120 
2) Diamond 170 170 





Any larger sizes than these became difficult to handle, 
owing. to the self-capacity of the frame becoming 
compared with that of the tuning condenser. A y 
with modern amplifiers these frames give all that can 
be required in the way of signals. 

Insulation and Leading-in.—Insulation is not an 
important function because, in wet weather, all insulators 
get wet about equally and the effect on the two aerials 

about the same. At the same time it is preferable 
to avoid any chance of inequality by using long lengths 
of ——- at all suspension points. 

he leading-in of aerials is a very troublesome 





The lead-in wires from the central mast have to be 





Fig. 11. 





firmly fixed with regard to one another, and yet if they 
are supported rigidly from the mast to the building the 
latter becomes very noisy, due to the mast vibration 
being transmitted to the walls of the building. Insula- 
tion at this point is more difficult to maintain than 


here and is more important, as the buildi is 
liable to shield one set of aerial insulators; more 
the other. 

The buildings were usually Peeet in an angie between 
the legs of the two aerials, and this resulted in a capacity 
coupling between the aerials which was negatived by a 

condenser connected across one of the legs of one 


aerial and the opposite leg of the other aerial. mu 
Radiogoniometers.—During the war we made practi- 
cally no alterations in the dimensions of the radi io- 
meter coils designed by Bellini, except in the num of 
turns on the windings, for as originally designed they 
produce a very small error, and to have eliminated this 
error would have taken a great deal of work, which was 
not necessary in view of more serious errors. 
Two dimensions of coils which we used for different 
circumstances are shown (Fig. 15), viz. :— 
(a) Which we called “‘ tight coupled,” and 
(b) Which we called “‘ loose coupled.”’ 
Actually both types were tight coupled, for in eachfcase 
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the coupling when at a maximum with one aerial alone 
was more than that required for maximum signals, 
if aerial and search coil were tuned to the same wave- 
length. 

Almost at once we discovered that in war the enemy 
does not send on one wave-length only, nor does he send 
V’s when requested, and many were the schemes evolved 
both for tuning to his wave-length and for taking his 
direction rapidly, say, all in the space of a few seconds. 
The difficulty was enormously increased by the extreme 
care with which the aerials had to be balanced. After 
a little experience we found that if the aerials were 
tuned to, say, 800 m., and carefully balanced or phased, 
then by re-tuning the intermediate and final circuits, 
but without altering the aerial tuning, signals could be 
received with only a slight fallin; “oft in strength, from 
200 m. below to 200 m. above this tune, that is from 
600 m. to 1,000 m. This was due to the above-mentioned 
tight coupling of the radiogoniometer. 

Some attempt was made to use Mr. Russell Clarke’s 
scheme of linked condensers. This scheme was, how- 
ever, not extensively tried ; for the reaction coil had to 

readjusted continuously in order to keep the set 
near the oscillating point, and it was found that if the 
final jigger coils were made of sufficient length, they 
also worked over a big range without a condenser in 
el with them. With only the reaction coil and 
intermediate condenser to handle, operators became very 
expert at searchihg over considerable ranges of wave- 
length. They rapidly found out the German rule for 
change of wave-length, and the various wireless signals 
which indicated these changes. 

Later on, with modern amplifiers, all these things 
became easy, but in the early days they caused much 
trouble. After the German es for wave-length 
changing had been determined, quick ing only 
became necessary when these rules were being changed, 
and also in a few other cases. 

First Valves and Circuits.—Aside from the above- 
mentioned errors, other errors were not at first serious. 
I had modified Franklin’s reaction circuits =, 
reception to give simpler tuning arrangements, and t 
circuits, aban whaed te the Bellini-Tosi corrected 
as above, made a very good direction finder, which at 
that time was of i sensitiveness. It was 
probably fortunate in the first year of our work that 
we used the soft valves, because no hard valve has been 
constructed which can compare with these “C” type 
tubes as peter erney F magnifiers. They necessitated, 
however, trained men in their manufacture, and trained 
operators for their efficient use. 





I give here a characteristic of a ““C* valve for those 
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who care to com it with that of a modern hard 
tube. If the “C” valve characteristic (Fig. 16) is 
compared with that of a hard tube, the comparison 
will show that the ‘““C” valve is equal in magnifying 
power either to 16 hard French tubes in parallel, or to 
three in ca.cade. Actually in tice, when used by 
a skilled operator, it is better than three in cascade in 
an amplifier haying aperiodic intervalve connections. 
Some of the apparent amplification shown by the charac- 
teristic is actually not obtainable because, on account 
of grid conductivity, a rather large ratio of capacity, 
to inductance is required in the grid tuning circuit. T 

use of this large ratio of capacity to inductance in the 
direction-finding receiving gear accidentally avoided for 
us the serious error known as. “ vertical,” which was 
afterwards obtained with hard tubes, and it was very 
fortunate, for we had quite enough other trouble to 
contend with at the time. With the “C” valve the 


average high-frequency magnification when using 

rea:tion was about 150. With high-frequency magnifi- 

cation the receiving power of the frame and Bellini-Tosi 

“yom at once became almost equal in value to that of 
vertical aerial. 





Tf an aerial system is taken and high-frequency ampli- 
fiers attached to it, a practical limit of amplification 





in the capacity of the aged of the valve to earth, and of its 
bat: to earth, e corrected it at first by adding 
a small condenser from the grid to earth, the value of the 
capacity being equal to that of the battery to earth. 
Owing to the smallness of the error, however, this 
correction was not often applied. 

I can probably explain the meaning of the error by 
taking the simple case of a frame directly connected to 
a valve (Fig. 19). Such a frame as shown, if not con- 
nec! to the receiver, gets current induced in it which 
gives a potential difference between the terminals A 
and D of the condenser. This potent’al difference is 
the correct cosine function of the direction. Ifnowa 
valve grid G (Fig. 19a), is connected to D, and the 
valve-filament battery, B, to A, the capacity of G is 
usually small compared with B, and, besides the true 
directional reception of the frame, there is a reception 
due to these capacities to earth. I have redrawn this 
arrangement in Fig. 196, which shows the action of the 
wave in alternating-current form. Fig. 19¢ shows the 
congress in bridge form. From this it will be 
seen that unless the capacity C is equal to the capacity H, 
@ current will flow through the condenser AD. The 
fact that a current flows through the condenser A D 
means that there is potential difference across the 








Goorans, unfortunately, had a fixed daylight error which 
Be ed us, and not until Abbeville was constructed did 

aptain Tremellen note that night directions did not 
maintain the constancy of day . The first 
station concerning which he noticed this effect was 
KAV, the old German press station, and I am able to 
show here a copy of his original curve taken of KAV's 
movements d a sunset period (Fig. 20). 

This curve is typical of a sunset movement, but I 
still cannot say whether any such apparent irregularity 
exists as a eral thing, and certainly we were never 
SAY 00 ‘aedibe ah” ealy “Sybhdds “Of ‘ccmtedting beeebign 
by using the idea of regularity. 

After this first indication we, of course, no iced that 
night variation was a general thing, and it remained 
throughout the war a serious defect in ‘the direction- 
finding work. I have attempted to set down here a 
number of facts regarding night effects which may be 
useful to those building up theories, but I must apologise 
for the scarcity of real material. 

One must remember that all stations were concen- 
trated on a military and naval object, i,¢., Intelligence 
work, that the stations being watched sent erratically, 
and seldom at the right time or for a sufficient | h 
of time to make observations worth while, and also 
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is reached when jamming and X’s become too strong. 
In practice, therefore, it is possible to amplify up frame 
signals to a strength even greater than those of a vertical 
aerial, for owing to the frame’s localised receptive 
di m there is hable to be less interference. 

ig. 17 gives a dia of one of the first circuits 
in use. Captain Tremellen was very fond of the ingenious 
double-magnification circuit (Fig. 18), due to Schlomilch, 
as was also the original high-frequency magnification 
without reaction. I usually neuiesed @ single low- 
frequency amplification after the crystal. 

I have mentioned that the production of valves at 
that time required special men. Even then it was a 
terrible process. Again and again we lost the knack 
of making good tubes, owing to some slight change in 
the materials used in their manufacture. A thorough 
investigation was impossible, as all hands were out on 
the stations. On several occasions we were down to 
our last dozen tubes. 

This type of tube had been tested out on long waves 
at Clifden for quite long runs, and on those circuits 
they were very steady, The shorter waves, however, 
necessitated higher values of filament current and lower 
values of vacua, thereby shortening the steady life 
considerably. It is, however, pleasant to ane that 
““Methusalah”’ was removed after 8,500 hours, only 
to make room for a new circuit with hard valves, and 
this to the regret of the operators. A good many 
examples were obtained of lives nearly as long as this, 

Everything suggests that a long ageing is necessary 
to P uce a steady valve, unless success is obtainable 
with a gas such as helium or neon. Curiously enough, 
@ spectrum analysis of an old tube never showed any- 
thing but hydrogen, but with hydrogen I was never 
able to make a tube that was any good. A few tubes 
were obtained which, after 1,000 hours, would run 
indefinitely as amplifiers or oscillators without any 
filament battery, The filament was apparently being 
heated by the high-tension battery, which was usually 
400. volts. 

_ Great credit is due during this period to Messrs, 
Edison and Swan, Limited, and particularly to Mr. 
( ‘opelin and his staff, for the patience with which they 
carried out my instructions for making the valves, 

Another Source of Error.—Quite early in 1915 another 
error appeared which we ni “ Vertical.” This 
error was only small, and save for the determination of 
its cause need not have been regarded, We noticed that 
the two zeros shown in Fig. 2 were seldom 0} ite to 
one another, even if using only one aerial of Bellini- 
Tosi system. This was traced to a vertical 
aerial’ receptive power, chiefly due to the difference 
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terminals A and D, which is independent of the direc- 
tional properties of the frame. The result of this circular 
reception on to of the directional reception is a “ cottage 
loaf’ shaped p brads, of reception, the minima of which 


are not opposite to one another. This point has already 
been brought out and illustrated in F ig- 8. 

With the use of hard valves, and the consequent 
high insulation of grids, these ‘‘ vertical” troubles 
increased a great deal, and they increased still more 
when the “aperiodic” aerial was brought into use. 
Methods other than the addition of condensers to the 
grid were afterwards used, for they were more reliable 
as they required no adjustment. They were Son 
meth of shielding and shunting to earth and will 
be mentioned later. 

Night Errors.—So far, I have only touched upon the 
aerial and upon instrumental difficulties and errors. 
Probably, it oce to some, working on signal 
strength, that the extraordinary variation of signals 
at night, so different from the constancy during the day, 
might be accompanied by variations in apparent direction. 
I must confess that I had not thought seriously about it. 

In December, 1914, we erected in France, at Blendec- 
ues, near St, Omer, and at Abbeville, the first two war 
i ion- i i these making the first position- 








stations, < 
finding group erected by us during the war. Blen- 
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that the stations were worked by men not particularly 
interested in direction-finding as a research. Only 
long-wave Press stations sent for lengthy periods, and 
we could not afford to concentrate direction-finding 
men on watching these stations. However, Captain 
Tremellen and Lieutenant Adcock, in France, among 
others, and particularly Lieutenant cereae Mp Egypt 
and Salonica, succeeded in obtaining valuable informa- 
tion, the latter in conjunction with oy lenge develop- 
ing the theoretical side. np! is, I believe, 4 
to publish his work on Fares on-finding. The work 
of t men su; possible improvements in ap tus 
which will eliminate a great deal of the night qodthe, 

We were not the only people suffering from night 
effects. As is well known, the German og | directed 
their Zeppelin fleets by direction-finding from land 
stations. "They also a method of intercommunica- 
tion between rt land stations reless 
I am permitted to show a: 
of the German direction-fin 
approximate ition of some of our own stations 
(Fig. 21). The Germans, in raids on England, suffered 
from a bad base-line, and this, in combination with 
night effects, made their directional apparatus useless 
on many occasions. 

An in point regarding the night effects was 
discovered later by Captain Tremellen. The Germans 


wi ‘ 
chintey the positions 
ng stations and also the 





had two radio-phare stat for bling their Fleet 
and submarines to determine their itions in the 
North Sea without hav to transmit. These radio- 


phares in effect consisted of a rotating frame continually 
sending during rotation. A signal was sent to give 
the zero of time, and any ship noting the time interval 
between this zero and the zero of signals could then 
determine its angular position from the station. 

The fact that a frame transmits vertically as well as 
horizontally, and that at different points in its rotation 
the vertical radiation is polarised in a different direction, 
should lead one to curious results at night. 

to the continuous rotation of the transmitti 
frame, very strong signals were necessary to take quic 
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bearings at a direction-finding station. Notwithstanding 
the difficulty, Captain Tremellen was able to note a 
large variation of the apparent direction of these 
at. night as the frame rotated. This was done by 
ing the minimum on his own radi , and 
not by noting the minimum of als with his search- 
coil , stationary. Unfortunately these stations have 
stop work, otherwise a complete investigation of 


this would have been undertaken. 


Norges on Nicur Errecrs. 

1. Large swing readi are better than minimum 
readings. To obtain vam of the actual minima at 
night is very difficult, for from spark stations with no 
definite zero one gets peculiar of note, and 
different operators will estimate the weakest place at 

uite different angles. I have attempted to draw in 

ig. 22 a representation of a typical night minimum. 
This effect is sometimes very marked from Telefunken 
stations. Even with a swi » & very distinct 
difference of note will often be obtained at the itions 
A and B, the note on the one side having obviously 
fewer harmonics, i.e., being duller in sound, than the 
note on the other side. This again adds to the difficulty, 
and the reason for the effect is not at all obvious. 
England and France, errors on swing readings on 
stations are present up to 7 deg. at night, and seldom 
more, but there are occasional records of errors greater 
than this. Eckersley’s results in the East indicate much 

reater changes than these; he has told me that at 
Salonica, Sofia would sometimes shift through 90 deg. 

The directions change fairly rapidly when bad night 
effects are present. Two or three d in a minute 
would, however, be considered to fast. Nearly 
always, but not invariably, night variations are accom- 
panied by bad minima. 

2. Continuous waves give much greater variations 
than spark waves, and with them it is quite definite 
that directions are seriously wrong even when the 
minima are extremely sharp, although bad minima do 
occur at other times. Captain West brought to my 
attention a very pretty case of variation which indicates 
that the apparent direction is a function of the wave- 
length. Horsea arc station sent its Press programme 
at 10 o'clock nightly during parts of the war, and it 
sent with a spacing wave as well as a mark wave. 
These two waves sometimes gave two directions differing 
by 30 deg., each wave giving a perfectly sharp minimum. 
This point may be intimately connected with the results 
obtained at San Francisco Dr. Lee de Forest some 
years ago on interference effects. 

In studying night effects, continuous waves have the 
advantage in that no annoying change of note takes 
place, which may cause a doubt as to exact position 
of the minimum. 

3. There is no strong evidence to show that the 
night variations on long waves are greater than those 
on short. The idea we obtained was that this was the 
case, but this may have been due to the shorter dis- 
tances worked over on the waves, and also to the 
fact that the amount of intervening land was smaller. 

4. In England, variations from east to west are 
certainly greater than those from north to south, but 
I do not think that this result with results from 
. the East and from America, alta was a peculiar 
station, which in England apparently never varied 
seriously, 

5. When signals come over-sea from moderate 
distances, and practically no land intervenes, results 
are then the most reliable and can be relied upon for 
the greater part of the time. If, however, t is 
land anywhere near either the transmitter or the 
receiver, or between the two, results become very 
troublesome. 

The minimum distance at which night effects have 
been noticed in England or France is about 15 miles. 

Captain Tremellen noticed — early, that when two 
transmitting stations with erently shaped aerials 
were side by side, the di d at night by 
« Bellini-Tosi station were different. 

Mountainous country between stations seems to give 
the very worst night effects, and I should think t 
extremely wooded country would also be bad, but I 
have no evidence of this. 

Theories of Night Effects.—In the early days I had 
vaguely in my mind i of refraction and reflection 
in the lower and upper layers of the atmosphere which 
thereby produce twisting of the wave front. I had also 
the idea of rotating fields which thereby destroy the 
minimum. Eckersley’s theoretical experimen 
work with night effects in the East, and with aeroplanes 
—also, quite independently, Adcock’s work in France on 
Le agg weal 8 sigg a a vert of the trouble at least. 

ese two engineers have suggested apparatus 
which should, when developed, improve our work at 
night. I will give a very rough sketch of this important 
work, leaving it for them to give exact accounts of their 
work at another time. } 

It was noticed that when Zeppelins were well at sea, 
night errors were not usually serious, but aeroplanes 
nearly always gave trouble. Siagoriebate were carried 
out during the day with an lane fying at varying 
heights, and at different angles to the us from the 
receiving station, To see clearly what pens in this 
case, firstly it must be remembered that aeroplane, 
being small and having the aerial flying out backwards, 
does not usually radiate a wave in: which the electrical 


at hia: 





lines are predominantly vertical and the m lines 
horizontal. If this vertically-polarised on oy 
were present, a recei loop at a distance woul 


receive no signals when its was at t 
to the direction of the pet Egy MB g Tying 
plene is at a height and some of the magnetic 
the wave reaches the loop in such a 
partly vertical in. one plane and with the lines 





forward towards the receiver in the other plane (Fig. 23), | 
@ current will be induced in the loop, and the resultant 
zero position, if the frame is rotated, will be produced 
by the sun of the two currents due to this effect and 

of the vertically-polarised wave. It is very notice- | 
able that the error produced becomes negative instead | 
of itive if the aeroplane reverses its direction. A | 
horizontal loop will receive from an aeroplane flying at_ 
a height, on account of this twisted field, An aeroplane | 





flying towards or away from a station gives no error. 
the above were daylight results, but it was 

by Eckersley this aeroplane effect was produced | 

at night by the reflection from ities in the! 


Heaviside layer, and there is good evidence that this | 
theory is true. 

Again, a horizontal loop receives during night varia- 
tions, and Eckersley has proved experimentally that | 
the strength on the horizontal loop and the night 
variation agree with the theory in a remarkable way. 

In the later stages of the war, night errors from Gothas 
were extramely troublesome, the only satisfactory times | 
being when they were flying either towards or, preferably, 
away from the observer. 


Dayuiest Errors. 


Daylight errors, aside from instrumental ones, were 
much more difficult to notice. They were seldom as 
much as the ible errors of the instruments. 

Apparently it is a bad thing to place stations on the 


Fig.23. 
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edge of high cliffs, near high trees, or near a wood. | 
One station on the edge of a cliff had an error, as far | 
as one could determine it from check bearings, of an | 
apparently complete rotation through 3 deg. By! 
increasing the distance of the station from the cliff 
edge from $ to 2X, the error was completely removed. 
Another station, also near a cliff edge, gave very curious 
results. Directions taken of certain stations which 
were at varying distances, but which were approxi- | 
mately in @ same direction, gave the result that 
directions were correct for certain of the stations but | 
incorrect for the others, and the error went up to as| 
much as 10 deg. 

Refraction over a coast line undoubtedly exists, and 
Eckersley has obtained a fairly accurate estimate of | 
the refractive index of the coasts of Palestine and 
Cyprus, this being checked by a large number of stations. 
This I will leave, together with his night measurements, | 
for his own publication. I have on one occasion in | 
the afternoon noticed the signals from Nauen varying 
fairly rapidly, but as Nauen was at that time within 
an hour of sunset the variation may have been a case 
of night effect. Hanover at the same time was per- 
fectly constant. The presence of hills on one side of 
&@ station, even some miles away, tends to give bad 
daylight minima in that direction. 

n connection with all these daylight errors G. M. 
Wright has, during the last year, been very accurately 
investigating the more minute instrumental errors 
which occur, and the probability is that new stations 
to be erected in the future will much more definitely 
locate these errors of site, daylight variation, and 
deflections from the normal. 

When one examines the seale of a direction finder 
and sees how small a thing 1 deg. is, it seems almost 
im ible that the accuracy we obtained was possible 
with the number of quite big errors that we had to 
correct and the many smaller ones we could not disen- 
tangle. The extent to which direction finding was 
trusted by the authorities was really remarkable, and 
I can instance one case where a most important event 
in the history of the British Navy was brought about) 
by an observed motion of less than 1} deg. in the day- | 
time. | 

Practical Work.—With so many possible errors at/| 





tal | night, it was never safe to use only two groups, in fact | 
one 


a false confidence in the beautiful inter- | 
sections made by using only two stations and only had | 
occasional sh when the German fleet was found 
to be well inland. A third station enabled one to know 
much more definitely if results were of value, and I 
personally preferred four, the last one being a check 
on the o three. 

A system of good rapid land-line communication to 
a centre was very essential, and our Post Office in 
England and the Army authorities in France did 

ram t work in bad irection. 

i these groups of stations, many single stations 
were erected, partinaliocly for submarine work, and 
very valuable results were obtained. The German 
submarines were fitted with powerful spark stations 
working on 400 m., and I very much doubt whether 
a si wen eens Sawn e Se Sees oe See 
recording the position. course, it does not mean 





| able to tackle waves under 200 m. satisfacto: 





tion, and I have heard the story that one Austrian 
submarine requi her position, came to the surface, 
sent signals, wa’ for us to give her position, and 


then thanked us and again submerged. This is only 
to indicate the danger of linking up direction-finding 
stations by wireless telegrephy. 

Short-wave Work on Rotating Frames.—The Bellini-Tosi 
system is undoubtedly the most rapid and accurate 
method of taking directions, but many troubles were 
experienced when we began to need short-wave direction 
finders. This was in days before the cascade amplifier 
came into its own. For short-wave reception under 
300 m. it was ni to use rather large rotating 
frames, and only just as the war was finishing were we 
“4 on the 
Bellini-Tosi s The mass of a frame will always 
be against the use of the latter for work because, 
although ultimately there is no real difference between a 
rotating frame and a Bellini-Tosi in acc in clear 
places, the ability to take an extremely rapid reading 
makes the Bellini-Tosi infinitely preferable. 

With a frame, the balancing troubles do not occur, 
but the “vertical” error is just as bad and requires 
just as careful attention. In co: uence of the balancing 
trouble on short waves, Colonel Blandy erected a large 
number of frames for direction-finding German aero- 
planes which were working on short waves, and the 
work done by these stations in conjunction with the 
Flying Corps, must have had no inconsiderable influence 


on the flying side of our campaign. I believe that as 
many as 11 German spotting-planes were brought down 
in one week due to the intelligence work of these stations. 

One advantage that the rotating frame had to some 
extent over the Bellini-Tosi was the rapidity with which 
it could be erected in times of any movement. I rather 
think, however, that this would no longer hold with 
the modern “ aperiodic *’ direction finder. 


(To be continued.) 





New German Ore Deposrts.—We read in The Iron 
Age, New York, that new German iron and manganese 
deposits have been found in the Idarwald, about 30 miles 
south of Coblentz. It was known before the war that 
there were deposits of iron ore in this region, but with 
the Lorraine ironfields in their possession, the Germans 
did not consider the working of the ore deposits in the 
Idarwald profitable enough. The work of the last few 
months, however, has given very satisfactory results, 
and it appears that the whole of the Idarwald contains 
rich ore . Deposits have been met in the regions of 
Rh Sulzbach, Weitersbach and Horbruch, 12 miles 
from Berncastel. The ore is at a depth of 6 ft. to 10 ft., 
but in several places, just below the surface. It is said to 
contain from 55 per cent. to 60 per cent. of iron and up to 
30 per cent. of manganese, 








Properties oF CoLtp-ro~ttep Merats.—The results 
of some tests of cold-rolled metals and alloys were 
tabulated, by Dr. Ing. Pomp, in the Zeitschrift des 
Vereines Deutscher Ingenieure, of November 1 last. The 

imens were supplied in bars of 10 mm. by 4 mm. 
cross-section, and were rolled down to thicknesses of 
3-5, 3, 2-5, 2 millimetres, the reduction in thickness 
amounting to 0-5 mm. in each operation. The imens 
were submitted to tensile strength and elongation tests, 
and further to Brinell hardness tests ; in the latter case 
a ball of 4 mm. diameter was used and the load aed 
within 20 seconds. The co examined, a metal of good 
commercial purity, inc in strength by 79 per cent. 
maximum (for the 2-mm. thickness) as the thickness was 
reduced, first rapidly, then more slowly; the hardness 
curve was of similar shape, but the increase in hardness 
was more marked, 133 per cent. max. The elongation 
diminished, soon attaining a fairly constant value. The 
zine specimens were very little affected by the cold- 
rolling. A zinc-aluminium alloy, containing 3-5 per cent. 
of aluminium, did not show any material change either in 
strength or in hardness; but the elongation dec 
markedly as soon as the thickness was reduced more 
than 1 mm. The specimens of electrolytic iron behaved 
much like the copper specimens; the maximum values 
attained, increases in strength of 69 per cent. and in 
hardness of 115 per cent., were, however, lower than in 
the case of copper. The mild steel examined also 
resembled copper in its behaviour, but the maximum 
increases, 88 per cent. in vote ona 156 per cent. in 
hardness, were slightly larger t those observed with 
copper ; the elongation diminished, rapidly at first, then 
more slowly. The composition of this mild steel was : 
0-03 per cent. a carbon, Saas per — = Fn carry 
0-01 cent. of silicon, 0- cent. y 

Sa entlipehe of the 


that in a area such as the Western Atlantic, if) and 0-025 cent. of sulphur. An 

Dah it’ wo da Geet hes position wear asel uct sim ou7| copper Banti f endlen feowoeee, ead the iron waa probably 
ut if we ition we n not send our , an iron was 

convoys near to her. “re peolesed by the of ferrous chloride, whic 
In the Mediterranean, which was a great hunting| was ona scale during the war in Germany 

ground for submarines, our -finding stations | for purpose of ob an iron which might serve 

were forced to use a system of wireless intercommunica-!' as a substitute for copper. 
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INDUSTRIAL NOTES. 


As announced in our last issue, a settlement in the 
railway dispute was arrived at on the 15th inst. The 
men’s demands were, briefly, the following: (1) That 
the scheme should be based on the highest pre-war 
rate in each grade and not on the average. (2) That 
there be no sliding scale based on the cost of living. 
(3) That anomalies and individual hardships 
removed from the scheme ; further, that all grades be 
included in the new wages proposal. (4) Retrospective 
pay, from August 18, 1919, of any increase resulting 
from the scheme. (5) The Irish railwaymen to be 
included in the settlement. In reply to these points, 
the Government stated that: (1) The principle of 
averages was to be maintained as a basis and (2) the 
sliding scale based on the cost of living also. (3) The 
new wage increase of 5s. would be extended to all grades 
now receiving the war wage of 20s. 6d. (women) and 
33s. (men); an increase of 2s. 6d. would be made to 
boys and girls under 18 years of age. An increase 
in the war wage would also be given to operatives 
in other wages grades who do not yet receive the full 
war wage. This clause is not applicable to locomotive 
drivers, firemen and cleaners, whose rates have already 
been agreed upon, neither to the clerical staff, nor to 
men in receipt of the 124 per cent. or 74 per cent. 
bonus, nor to men in docks and marine departments, 
where awards have been given through other channels. 
The Government were prepared to deal with individual 
cases of hardship. (4) With regard to retrospective 
pay, owing to the complication in the calculations, the 
Government sugges that each man participating 
in the scheme should receive a fixed sum of Ll. i the 
period prior to January 1, 1920. (5) The principle 
of the Government proposals to be extended to Ireland. 
The above amended proposals by the Government are 
those which, as stated in our last issue, were accepted 
by a small majority of the delegates of the National 
Union of Railwaymen, at their conference last week. 
At the close of this, Mr. J. H. Thomas, M.P., said 
it was no use disguising the fact that there was con- 
siderable division of opinion amongst the delegates, 
and up to the last moment it was doubtful what the 
result would be. He added that the settlement now 
accepted was subject to various details which had to be 
worked out. He hoped and believed that the men 
would consider it an honourable settlement. It marked 
a new departure in industrial questions and, in his 
judgment, was the only way of meeting an abnormal 
situation. 

It is stated that the Associated Society of Locomotive 
Engineers and Firemen will soon put forward a claim 
for an advance in wages owing to increased cost of 
living. The signalmen and other es not included 
in the settlement with the National Union of Railway- 
men are said to be also desirous of opening up negotia- 
tions for an advance. The Railway Clerks’ Association 
state that an agreement was reached between them and 
the Railway Executive Committee on August 26 last, 
but up to the present no effect had been given to it. 





Last Friday, Sir Hugh Bell, Bart., delivered an 
address before the Manchester Chamber of Commerce, 
on “ The Railways and the State.” He said that the 
railway property of this country represented an 
expenditure of over 1,300,000,0001. Before the War 
altered the calculations, they had gross receipts 
amounting to 139,000,000/., and a surplus of 50,000,0001. 
They afforded employment to over 600,000 persons, 
so that each person employed represen about 
2,2001. of capital. In the coal trade or the steel trade, 
barely one-tenth as much was needed to set a man to 
work, which showed the dependence of the railways on 
an adequate supply of capital. It followed that a 
much greater proportion of the gross revenue was 
needed to provide interest on that capital. Such a 
business as the railways, representing so great a 
proportion of the total business of the country, could 
not be allowed to become parasitic anid dependent on 
help from without. It had to be a healthy commercial 
enterprise which out of its own resources found all 
that was required for its maintenance. He added that 
if he had to choose between nationalisation and private 
ownership of the railways, he would make the choice 
without hesitation. No price offered by the State 
would tempt him. He did not believe the State would 
be able to’ pay the price which the railways were reall 
worth. If less were paid, they would be by so comah 
defrauded. If more were paid, the railways would 
become a drag on the revenues of the State. To place 
the administration of property of such magnitude 
and of such vital importance to the community under 

vernment control was to run risks of a kind no 

t man would accept. Let the railways, he 
concluded, be returned to the present proprietors, 
who must be relieved of the fetters which now tie their 


hands and prevent them from managing their rt 
in the best way. td 


be | unemployment problem.” 


Mr. J. T. Brownlie, chairman of the Amal ted 
Society of Engineers read a paper on “ The Workers’ 
Interest in Output,”’ at a national conference of working- 
class associations held at the Memorial Hall, Farringdon- 
street, London, last Saturday. One of his statements 
was to the following effect : “‘ The workers had a right 
to see some signs of a definite and reasonable ae 
on the part of the Government to grapple with t 
Now, on page 817 of our 
issue for December 19 last, we reproduced the explana- 
tion given by the Minister of Labour with regard to the 
Training Grant Scheme in the engineering trades ; this 
explanation, by reason of the action taken by the trade 
unions, reads throughout as an apology. scheme 
deals with the training of ex service men, and the 
Minister’s explanation contains the following : “. 


1-2 per cent. at the end of December, 1918. In 
industries in which workpeople are insured against 
unemployment. under the National Insurance Acts, 
the percentage unemployed on January 2, includin, 
demobilised members of H.M. Forces claiming out-of- 
work donation, was 6:58. The correspond T- 
centage for November 28, 1919, was 5-35. The 
increase was mainly in the engineering and iron founding 
trades, for which the percentage rose from 8-32 at the 
end of November to 10-74 on January 2. Omitting 
this group the percentage unemployed on January 2 
was only 4-41. The total number of ex-service men 
claiming out-of-work donation on January 2 was 
377,957, as compared with 353,668 on November 28. 
The number of men on the live registers of the Employ- 
. .| ment Exchanges on January 2, was 503,658, or an 
As regards the number of trainees, it is suggested that | increase of 29,344 on December 5; and the number of 
this s not exceed 1,750; which is less than one-| women was 46,863, or a decrease of 8,564 on the total 
third per cent. of the total membership of the engineering| at December 5. The number of vacancies unfilled on 
trade unions. As a further safeguard, the number of | January 2 was 25,979 for men, and 46,002 for women, 
trainees in any one factory would not exceed 1 per cent.| the corresponding figures for December 5 being 26,152 
the total number of employees in the works. . . .”| and 44,300. Employment at coal mines in December 
(The italics are ours.) Does Mr. Brownlie desire the} continued , and there was a slight increase in the 
Minister of Labour to increase the ridiculously low| number workpeople employed at the collieries 
proportions of one-third and 1 per cent. referred to ? the returns; compared with December, 1918, 
the increase in workpeople amounted to about 20 per 
cent. The number of days worked by the mines 
averaged 5-71 and was about the same as a month 
earlier and a year earlier. At iron and shale mines 
em ent continued good, at tin mines it was still 
erate, and at lead mines it varied locally from 
slack to fairly good. At quarries employment con- 
tinued good generally. In the pig-iron industry employ- 
ment continued , on the whole, though the number 
of furnaces in b! at the end of December was only 
236, as compared with 268 a year earlier. At iron and 
steel works employment was fairly good in general, 
but was adversely affected by the strike of iron- 
moulders, Both the pig-iron industry and the iron 
and steel manufacturing industry were suffering from 
rt difficulties. The continuance of the iron- 
moulders’ dispute resulted in further extension of the 
already serious amount of unemployment and short 
time in the engineering trades. In the shipbuilding 
trades employment was fair on the whole, but not so 
goodasin November. Apart from temporary stoppage 
owing to shortage of coal and bars, employment in 
tin-plate trade remained good. In the other metal 
trades it was fairly good generally. In the cotton 
trade employment during December continued fairly 
good in the spinning section and good in the weaving 
section. Employment in the building trade was not 
quite so good in December as in November, but brick- 
layers and carpenters continued well re ate In 
the woodworking and furnishing, brick, cement, 
pottery and glass, paper and printing, and food prepara- 
tion trades employment remained good generally. 
Skilled agricultural labour continued to be in demand, 
but the supply of unskilled farm workers was adequate 
in most The changes in rates of wages reported 
to the department as having come into operation in 
December resulted in an increase of nearly 140,0001. 
per week in the weekly wages of over 500,000 work- 
people. The principal changes affected workpeople in 
the iron and steel trades and included an increase of 
74 per cent. on basis rates to iron puddlers and millmen 
in the North of England, Midlands and West of Scotland, 
whilst other changes affected workpeople in the soap 
and candle and in the brick, tile, &c., trades, hosiery 
workers in the Midlands, building trade operatives 
in Yorkshire and Scotland, and printers and book- 
binders in London. © in hours of labour in 
December affected about 75,000 workpeople, whose 
hours were reduced by an average of nearly 6} per 
week; the principal change affected workpeople in 
the linen industry in Belfast and the North of Ireland. 


On Tuesday last, Judge Parry delivered, at Lambeth 
Court, a reserved judgment under the Workmen’s 
Compensation Act, A Camberwell labourer, named 
F. Cook, employed at West Drayton, in the erection 
of aeroplane works for the Air Ministry, had obtained 
other work and had given the usual 1 hour's notice. 
He was paid, and on going for his tea-can and food 
he crossed a plank which tilted; he fell, broke his 
wrist and was laid up in hospital for 11 weeks. It 
was contended for the Air Ministry that the accident did 
not arise out of, or in the course of, the man’s employ- 
ment, the man having stopped work. Judge 
said it seemed from a number of recent cases that for 
the purposes of the Act a man might still be in his 
master’s employment after he had been paid off, so long 
as he was in or about the works for any of the ordinary 
incidents which were part and parcel of what commonly 
happened when a workman was fini his job and 
clearing off the works. He saw nothing in the case to 
prevent him from giving effect to the view he held as 
an arbitrator that the accident in question arose out 
of and in the course of the man’s employment, He 






































































The strike situation was discussed at the morning 
conference of the ironfounders held in Manchester on 
the 15th inst., but nothing definite was decided. At 
the afternoon session the conference debated a resolu- 
tion to resume work. It was ultimately decided to 
take another ballot. A special committee was 
appointed consisting of 12 members representing the 
branch delegates, and the three committees in equal 
numbers. The committee’s report was <a by a 
majority at the conference; it reads as follows :— 

“Having regard to all the circumstances arising 
out of the foundry dispute, and the effect upon the 
trades union movement, this conference agrees to 
submit to a ballot of the three unions, including the 
apprentices, the following posals, with a strong 
recommendation that they should be accepted in the 
interests of the unions involved in the dispute : 

“The Engineering and the National Employers’ 
Federations agree as from the resumption of work to 
pay an advance of 5s. per full ordinary week to male 
workers 18 years of age and over, members of the three 
unions, in accordance with the terms of the general 
engineering award of the Court of Arbitration, dated 
November 5, 1919. Future general alterations in wages 
shall be dealt with in accordance with provisions for 
avoiding disputes to be mutually upon. 

“The resumption of work shall take place by 
January 26, 1920. It may be possible, by reason 
of a conditions, to arrange, after the acceptance 
of these pro ls, for an earlier resumption. In such 
cases individual arrangements will be made. It must 
be recognised that it will not be possible to secure 
a complete resumption by the date named. The 
employers will, however, re-employ their workpeople 
as rapidly as the foundry circumstances will permit, 
and new workers will not be taken on so long as those 
workers who were in the same employment before 
September 20, 1919, are available, provided such 
workers present themselves for re-employment not 
later than February 2, 1920. No victimisation shall 
take place on either side. 

** Provided that resumption takes place ss above, 
a conference, in accordance with the employers’ 
previous Par gee shaJl be held between the Federa- 
tions and the Executives of the three trade unions 
in the week commencing February 2, 1920, for the 
ee of discussing the working conditions in 
oundries, including questions arising out of the 
introduction of the 47 hours’ week with the view, 
inter alia, of fixing, on their merits and having regard 
to any special arguments, minimum standard rates for 
the various districts ; and including also the questions 
of the jurisdiction of the unions over apprentices and 
the rates of remuneration of apprentices. 

At the time of writing the ballot is taking place. 








The prol strike in the iron foundries, says 
The Labour e, caused a large and increasing 
amount of unemployment and short time in the 
engineering trades in December. At iron and steel 
works and in some other metal trades employment 
was also affected by the moulders’ dispute, but was 
fairly good in general. In the shipbuilding trades 
employment was only fair. In most other trades it 
was good or fairly good, and on the whole was about 
the same as in November. The general level of retail 
prices of food and other items (including rent) of 
working-class family expenditure at January 1 was 
approximately 125 per cent. above the pre-war level. 
Trade unions with a net membership of 1,500,630 
reported 3-2 per cent. of their members as unem 

at the end of December, as com with 2-9 per cent. 





a month earlier—the increase due to unemploy- 
trades—and 


therefore made an award for the applicant for Wl. per 
ment in the engineering and shipbuilding 


week since the date of the accident, with costs. 
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THE DESIGN OF CONNECTING RODS FOR INTERNAL-COMBUSTION ENGINES. 


DOUBLE-ACTING GAS ENGINE:- . 
4-CVCLE; DIA-1050; STROKE-1300; 1850 H.P;; 94 REVS. 


*«-—----------- 
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Fig./. 
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THE STANDARDISATION OF MOTOR TYRES. 
To rae Eprror or ENGINEERING. 

Srr,—Our attention has been called to reports which 
have recently appeared in the technical Press of a 
meeting of European manufacturers, representing 
England, France, Italy and Belgium, recently held in 
Paris, when it was decided to adopt certain sizes of 
pneumatic tyres. As these reports are likely to create 
a wrong impression, we beg to advise you that this 
association, the official organisation of the British rubber- 
tyre industry, had no part in the negotiations referred to, 
and do not accept the range of standards named. 

Our association have for some time had the question 
of tyre standardisation in hand, and formulated pro- 
posals, which were accepted by the official organisations 
of the car makers, motor cycle and cycle manufacturers, 
and wheel and rim manufacturers. These proposals 
were laid before the British Engineering Standards 
Association, and we understand an interim report will 
shortly be issued by that body setting forth a complete 
range of sizes of all classes of pneumatic and solid rubber 
tyres and rims adopted as British standards. 

We shall be glad if you will give publicity to this 
communication. 

Yours faithfully, 
Tue British RupBerR TyRE MANUFACTURERS’ 
Association, Limirep, 
W. B. Peat anv Co., 
General Secretaries. 
11, Ironmonger-lane, London, E.C., 2, 
January 20, 1920. 





THE DESIGN OF CONNECTING RODS FOR 
INTERNAL-COMBUSTION ENGINES. 
To THe Eprror or ENGINEERING. 

Sir,—-The accompanying drawings are, I believe, 
self-explanatory. aving occasion to design the 
o nnecting rod for a large marine Diesel engine (cylinders, 
32 in. bore by 48 in, stroke), I took,the trouble to in- 
vestigate all the available data thet I had accumulated 
during the past forty years as to that particular detail 
of large reciprocating engines. I was struck with the 
ene gee | that there was no consensus of opinion as to 
just what strains were permissible, in the fork especially. 
n any text-book on machine design or applied mechanics 
the principle of ‘‘ Combined ing and Direct Stress” 
is egy gee | out as caotentingtin proper dimensions 
of the fork, and in standard text-books on the steam 
engine, marine type, such as Bauer and Wilda, it is 
frequently poin out that the strains permitted in 
forks are excessive. For example, Bauer states : 
“There are rods in use both in very large and small 
engines, in which the combined compressive and bending 
stresses are as much as 14,000 Ib. per square inch,’ 
Wilda mentions, among his examples, an ironclad vessel 
in the forks of whose connecting rods the combined 
bending with compressive or tension stress is figured 





out as no less than 1,300 kg. per square centimetre ; 
or, in other words, almost 18,500 lb. per square inch. 
Think of it : 18,500 skin tension changing to 18,500 skin 
compression with about 300,000 alternations per day ! 
One wonders what Wéhler, Bauschinger and Dr. Stanton 
have to say to such stresses. 

Of course, there is only one final and conclusive answer 
as to the proper size of any part of a machine—does it 
stand up year after year. tt it does, it is strong enough ; 
and no testing machine that can be built is as reliable 
as the machine itself. We figure stresses for steam 
engines based on the load at the safety valve, but such 
stresses are rarely approached in actual service. The 
case is entirely different with gas engines and oil engines. 
If we are to accept the conclusions of Messrs. Vickers, 
pressures in Diesel engines can be advantageously raised 
to 700 lb. per square inch. Now, even with Diesel 
engines whose compression was limited to 480 lb. per 
square inch I have frequently seen the cylinder-relief 
valves “ blow’’ when mancuvring, and these valves 
were loaded to 700 lb. per square inch. Personally, 
I use 600 lb, per square inch as the figure upon which 
my Diesel engine stresses are based, though 500 lb. per 

uare inch is indicated by most of the underwriters. 

en we come to the gas engme we might as well take 
Guldner’s 356 Ib. per square inch as any other figure, 
since it —— to agree with the best practice. 

From the drawings (published in the technical press) 
of modern marine Diesel engines I find the unit stresses 
fairly high in the forks, but one must remember. that 
the engines in question are single-acting, and for that 
reason the strains on the material are distinctly less. 
I found one design of fork for a well-known and successful 
Diesel-engined ship of Dutch origin in which the com- 
bined bending and compressive stress at a 45-deg. 
section exceeded 16,000 lb. per square inch, taking the 
initial or explosive pressure on the piston as 600 lb. per 
square inch. All the others examined have figured out 
less. Assuming the figures on the drawings to be correct 
as published, and the drawings not distorted, it would 
appear as if the designer was a very brave man. To 
have a connecting rod “let go”’ in the fork while at sea 
is one of the things one does not care to contemplate. 
The ship in question has some 12 such connecting rods, 
and has a most enviable record to its credit—such a 
record, that many millions of reciprocations for each 
and every ing rod of the 12 would appear to be 
sufficient answer to any adverse criticism. 

However, Fier. land 2 accompanying this letter offer 
a solution to the fork —- that may interest many 
of your readers, and will present to engineers a startling 
paradox—the addition of metal to a strut or tie may 
materially weaken it, even neglecting the inertia. I have 
chosen a rod of a famous design, and for 
@ double-acting gas ine, that the stresses might be 
alternating, tensile and ye teres Had it been 

ible to secure one for a double-acting Diesel engine, 
differences between the old and the new would appear 
more startling, The dotted outline of the fork as 








constructed by the M.A.N. is clearly shown, and the solid 
outline of the substitute fork also. 

The tinted portion of Fig. 1 is the ‘exact shape 
of the fork (one-half) if the lowest unit stresses are to be 
attained. Every change from the tinted design results in 
higher skin stresses, as a comparison of the figures 
relating to the different sections, A—B, C—D, E—F, 
H—I, J—K and K—L, indicate. As may be seen at a 
glance, the angle of the fork is 60 deg., which results in 
loads on its members as given on the axial lines of the 
tinted portion. These loads divided by the sectional area 
of each member give the maximum strain (stress) as not 
exceeding 3,500 lb. per square inch. whereas the skin 
stress on a 45-deg. section of the M.A.N. fork is shown as 
exceeding 9,000 lb. per square inch, and lower down on 
the fork it is still higher. In other words the tinted 
fork figures out almost three times as strong as the 
accepted design. There is also less metal in the tinted 
fork than in the M.A.N. desi to the extent of 14,400 
cub. em.—or, in round numbers, 246 lb. The tinted 
fork might be turned in a lathe, in place of machined in 
a slotter, and a still greater saving of metal obtained. 
In this latter case the figures above given would need 
revision for the metal removed by the turning tool from 
the edges of the fork. In place of the triangular aperture 
in the fork, a circular one might be drilled and bored 
through, but the paradox is, that the fork would be 
weakened materially whether left solid or with a circular 
aperture in place of a triangular one. It is also para- 
doxically true that C—D is stronger than A—B. 

Very truly yours, 
Joun L. Bocert, 
Cons. Engineer. 

165, Broadway, New York City, December 23, 1919. 





AmerRIcAN Honours ror Mr. ScHNEIDER.—We read 
in the Journal of the American Society of Mechanical 
Engineers, for December, that on the occasion of the 
Sa of the gold medal of the Mining and Metal- 
urgical Society of America to Mr. Schneider, the well- 
known French ironmaster—the first, other than an 
American, to be so honoured—Dr. Henry M. Howe, 
Professor Emeritus of Metallurgy at Columbia University, 
declared that future conflict with Germany was “ in- 
i “German treachery persists,” he said, 
“and will persist to plague our descendants. German 
ideas spring from the nature of the people and not from 
their form of government. The Germans are avowedly 
criminal ; they avow criminal intent.’’ Engineers from 
Creusot, he added, had been sent to the United States, 
when that nation declared war, to help in o: ising the 
American steel industry for war. Earlier in the same 
day, says the same journal, the Stevens Institute of 


Technology, Hoboken, N.J., conferred the of 
Doctor i ing upon Mr. Schneider. The latter, 
in his address, i the work of American in 


France, and pen that French and American univer- 
sities should exchange students as well as professors, 
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We illustrate on the two-page Plate accompanying 
tnis issue, and on this page and page 118, the twin-screw 
steamer Lawrence, which has been designed for the 
Government of India by Sir J. H. Biles and Co., and 
has been built and engined by Messrs. William Beard- 
more and Co., Limited, Dalmuir. The vessel is for 
special service in the Persian Gulf, and for the use of 
the Political Resident in that district. She has been 
constructed in accordance with the requirements of 
the Board ‘of Trade, and is of about 1,100 tons gross. 
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As will be seen from the engraving on this page, the 
vessel is of strikingly graceful and yacht-like appear- 


ance. The principal dimensions are :— 
Ft. 
Length between perpendiculars 225 
Breadth, moulded ee sie ~_ 34 
Depth, moulded, to upper deck mid- 
ships .... a re ae $3 20 


The decks, of which plans are given in Figs. 3 to 8, 
on the two-page Plate, are as follows: Navigating 
bridge, bridge deck, upper deck, main deck, and lower 
deck. It will be noticed from Fig. 2 that sun decks 
are fitted over all exposed decks. The vessel is pro- 
pelled by twin screws driven by geared turbines supplied 
with steam from oil fired watertube boilers. 

The resident’s quarters are arranged in a large teak 
deck-house on the upper deck, forward of the funnel 
casing. They consist of two special state cabins, 
each with bath-room adjoining; these state cabins 
open into a large day cabin at the forward end and into 
a dining saloon at the after end. This oy," ig 
is capable of comfortably seating 14 persons. The day 
cabin is illustrated by Fig. 11 and the dining saloon 
by Fig. 12, on page 118. A pantry is provided in a 
continuation of the funnel casing at the after end of 
the saloon, and communicates with the galley by means 
of a passage on the port side of the casing. This lay- 
out can be seen in Fig. 5, on Plate VIII. Four cabins 
for six staff officers of the Resident’s suite, are in a large 
teak deck-house, and the bathroom for staff officers 
is on the upper deck immediately below their cabins. 
A teak screen, with sliding windows, is fitted at the 
fore end of the navigating bridge, and a large teak 
chart-house and teak wheel-house for sheltering the 
steersman. These various arrangements are shown in 
our figures. 

_ On the bridge deck at the forward end, accommoda- 
tion is provided in a large teak deck-house for the 
commander of the vessel, consisting of day and sleeping 
cabin and bathroom. The first lieutenant and the two 
sub-lieutenants have each acabin. There is an officers’ 
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bathroom and mess room adjoining. The commander’s 
sleeping cabin is illustrated in Fig. 13, on page 118. 
At the after end of the bridge deck is the wireless 
telegraphy room. Immediately abaft the engine casing 
on the upper deck, accommodation is provided in three 
cabins for the chief, first and second engineers, 

Washplaces, latrines, native galleys, deck store and 
lamp-room are arranged in a steel deck-h at the 
after end of the upper deck. At the extreme fore end 
of the main deck, store rooms are provided for paints, 
oils, sails, awnings and canvas, and immediately abaft 
this, accommodation is arranged for warrant officers, 
consisting of state rooms for clerk, gunner and assistant 
surgeon, with mess-room, pantry and bath. A ship’s 
office is also provided in this space. 

Between the warrant officers’ quarters and the boiler- 
room bulkhead two compartments are allocated to the 
second-class passengers, four staterooms being pro- 
vided for eight passengers, with saloon in centre, pantry, 
bathroom, lavatory, &c., and a room for the third 
engineer is also fitted. The saloon has seating accom- 
modation for 12 persons, and in alcoves at the sides 
sofa seats are provided forming lounges. This saloon 
is shown in Fig. 14, on Page 118. Abaft the boiler-room 
accommodation is provided in three compartments for 

tty officers and crew, a hospital and dispensary also 
Gin fitted, and two large bunkers for galley coal are 
arranged, one on each side of the steering engine com- 
partment. The lower deck forward is allocated to store- 
rooms of various kinds and at the after end refrigerated 
stores are arranged. The various compartments in the 
hold at the forward end are utilised for stowage of am- 
munition, stores, fresh water and oil fuel, fresh water 
and reserve feed water being also carried in the double 
bottoms under engines and tunnels at the after end. 
The total capacity of oil-fuel tanks is about 150 tons, 
the fresh water capacity is about 50 tons, and the 
reserve feed about 30 tons. Details of the scantlings 
and framing are given in Figs. 9 and 10, on Plate VIII. 

The armament, which will be principally used for 
saluti urposes, consists of four 12-pdr. quick-firing 
vest Laon two on each broadside on the upper deck, 
two forward and two aft; the magazine and shell- 
room, which is arranged in the hold at the fore end 
abaft chain locker, has a capacity for about 800 rounds 
of ammunition. The small-boat equipment consists of : 
One 30-ft. paraffin motor launch, capable of 8 knots ; 
two 28-ft. seamless steel lifeboats ; one 24-ft, mahogany 
gig ; one 20-ft. whaler or jollyboat fitted with buoyancy 
tanks, and one 14-ft. dinghy. The motor launch, gig, 
and one ot the lifeboats are stowed on the bridge deck, 
and the remaining three on the upper deck aft, all being 
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fitted with Welin’s davits. The steering gear is 
Brown Brothers and Co., Limited, of standard type, 
with hand gear*’combined, and¥is controlled from the 
bridge by telemotor. The Marconi wireless telegraphy 
installation is suitable for the transmission of messages 
over a range of 200 miles, day or night. The windlass 
is of Napier Brothers’ make, having vertical engines 
and two warping ends. 

The refrigerating and ice-making machinery is by 
Messrs. Seager’s, Limited, and is of the multiple effect 
compression system constructed by them. The 
machine is of the horizontal motor-geared type, and its 
duties are not only to keep at a proper temperature the 
meat and vegetable chambers, but also to make ice and 
cool the living quarters, &c. This machine takes a 
primary evaporation for cooling the CO, gas to liqui- 
taction before it is allowed to enter the evaporator, 
the two evaporations being taken in multiple effect 
compression as two charges in the same compressor. 
This system of evaporation and compression has the 
effect of maintaining a high power of refrigeration in 
any country, and is particularly suitable for the hot 
climate for which this vessel is intended. The machine 
has also been fitted with a new automatic regulator, 
which has recently been designed, and is suitable for 
all classes of refrigerating machines which, when once 
adjusted, will maintain a steadily constant temperature 
in the evaporator, notwithstanding any slight variation 
that may take place in the speed of the machine. This 
regulator has been most severely tested on machinery 
running at variable speeds, and it has been found that 
the steadying effect of the automatic control increased 
the refrigerating output considerably. 

Special attention has been paid to the ventilation of 
the vessel, in view of the very hot climate in which she 
is to serve, large ventilators be fitted to each room 
and compartment throughout. ind scoops of galva- 
nised iron are also provided for each sidelight in the 
living quarters, and in special positions in deck-houses 
andelsewhere, Bandy ceiling fans are provided for the 
various cabins, &c., and in addition, each room in the 
Resident’s and Commander’s quarters is provided with 
a Bandy oscillating fan. The mechanical ventilation of 
the boat has been carried out by the Thermotank 
Ventilating Company, of Glasgow, on their well-known 

inciple. Several novel features have been intro- 

in so far that all the accommodation is supplied 
with cooled air from cooling thermotanks which are 
connected with brine pipes lead to the refrigera 
machinery. Special drying arrangements are provi 
so as to reduce the humidity in each of the rooms 
when the vessel is in wet, tropical climates. The air is 
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mechanically supplied to, as well as exhausted from, 
each of the rooms, so as to reduce to’a minimum the 
amount of wet air admitted from the atmosphere. 
These cooling arrangements are worked in conjunction 
with Bandy propeller fans arranged in the ceiling of 
each room, so as to keep a continual movement in 
the air, and thus stimulate the movement for getting 
rid of the excess humidity. Thermotanks are also 
fitted for the cooling of the magazines. The air is 
distributed from the thermotanks by means of wood 
trunks so as to avoid condensation. 

The vessel is electrically lighted throughout. The 
total number of lighting points, including navigation 
and signalling lights, and four-light gangway clusters, 
&c., is 261 lamps. All fittings throughout staterooms, 
staff officers’ and ship’s officers’ accommodation are 
of white metal, those in other parts of the ship being of 
brass, bronze finished. A 2-kw. electric radiator is 
fitted in the dining saloon, and a 14-kw. radiator in 
the day cabin on the upper deck. The following 
electric motor-driven machinery is installed: One 
refrigerating machine, one brine pump, one refrigerator 
exhaust fan, five thermotanks, three engine-room and 
tunnel supply fans, one general service mn one 
workshop motor, one sounding machine. e cabling 
throughout the whole installation is V.I.R. lead- 
covered, clipped to perforated steel pla as far as 
possible, and to beams and bulkheads behind panelling, 
in cabins and saloons. The wiring for the lighting 
circuits has been made sufficiently heavy to permit 
the use of carbon filament lamps. Three 





liary machinery department. One is a Bellis and Morcam 
se da steam set, giving 67-5 kw. at 120 volts. 
The two sets are driven by Messrs. Morris, 
Henty and Gardner’s oil , each generator having 
an output of 31-5 kw., 120 volts, at 600 revolutions. 
All three tors are by Messrs, W. H. Allen, Son 
and Co. fo fatended taateech of the elses eat 


shall take the total load, or that the two oil sets shall 
doso. The main switchboard has two pairs of 

one pair being fed by either the steam set, or No. 1 
oil set, and the other pair by No. 2 oil set. 

Light-distributing circuits, controlled by double-pole 
change-over switches, and double-pole fuses, are taken 
from the switchboard. 

A complete system of electric bells is installed, four 
indicator boards, with a total number of 50 shutters 
and two batteries being fitted. Six loud-speaking 
Graham’s telephones are also fitted, giving direct com- 
munication, from the bridge to the engine-room, the 
bridge to the wheel-house aft, and the engine-room to 
the boiler-room. Power is supplied from a battery. 

The vessel is propelled by twin-screws driven by steam 
turbines operating single-reduction double-helical 
gearing. The turbines are of the Parsons compound 
type, and each set consists of a high pressure and low- 
pressure turbine, each coupled to ar independent pinion, 
An astern turbine is incorporated in each low-pressure 
casing. The high-pressure turbine and astern turbine 
are provided with impulse wheels, the ahead inlet 
being controlled by nozzle valves suitably arranged for 
cruising and full-power conditions. e maximum 
designed revolutions of the turbines are 3,480 per 
minute and propellers 215 per minute. The double- 
helical gearing was cut by special machine in the 
builders’ works, and proved eminently satisfactory and 


silent in operation when running at full A ncaa The 
shafting ixof Beardmore steel. © propellers are of 
solid bronze, and the thrust blocks of the Michell type. 


The turbines exhaust to surface condensers of the Weir 
Uniflux type, the condensate being extracted by Weir 
dual air pumps, 

The steam generating plant consists of two Babcock 
and Wilcox boilers designed to operate at 200 Ib., 
of a total heating surface of 3,930 sq. ft., fired by oil 
only, a complete equipment of oil pumps, heater, 
filters, &c., being provided. The boilers are arranged 
on the closed stokehold system, the necessary forced 
draught being supplied by two fans and engines. 
A very complete installation of auxiliary machinery is 
supplied, and includes two evaporators, a i 
condenser, fresh water pump, two feed pumps, f 
heater, one sanitary pump, two general service pumps 
(one electrically-driven for harbour use), two forced 
lubrication pumps end two oil fuel pumps. 

The specification stipulated that the vessel must 
carry not less than 220 tons deadweight on trial draught 
and that any ballast necessary to ensure a metacentric 
height of 20 in. in the light condition was also to be 
carried on trial in addition to the 220 tons. The vessel 
fulfilled these conditions regarding deadweight and 
stability in both cases, with a slight margin in hand, 
no ballast being required for stability purposes. The 
trials occupied two days, the first day being devoted 
to ive runs on the measured mile on 


and circle trials. The speed specified was 15 knots, 
and on the second day an extended sea trial was 
carried out at the revolutions ascertained to correspond 
to this speed. During this trial the vessel was run 


stations and ships about 150 miles away. 
stopping, astern, and manceuvring trials were satis- 


of the compound 
28in. The title to Fi, 
Windi 
two 
Water Cooling,” in the third column of page 96, should 
read: 1 kw. per hour = 3,412 therms ; 1 kw. 


ex clusivel: 
to be 







floor s 
been 

comprising grain elevators, separators, woodworking 
machinery, tractors, ready-made houses, hardware, steel 
proto, &e., &e. 








traction purposes. He has been entrus 
survey of the present 


over the measured mile and attained a speed of 15-3] 


knots as a mean of two runs, one with and one against 
the tide, the shaft horse-power being about 1,800. 
The mean shaft horse-power for the sea trial was about 
1,700, the propeller revolutions being about 210, and 
the corresponding speed slightly in excess of 15 knots. 
The were tried by firing four rounds from each 
at different angles of training and elevation, and the 
wireless gear was tested by calling-up and s 
hereafter 


to be prepared for the voyage to India. 


factorily carried out, and the vessel returned to Dalmuir 





Fartvres or Turso-GeneratTors: Errata.—Mr. 
Shepherd has called our attention to the fact that there 
were one or two misprints in his paper read before the 
Institution of Electrical Engineers on the 8th inst., and 


which was reprinted in our two previous issues. They 


were as follows: In the table of page 43 the vacuum 
ine set should be 26 in. instead of 

. Son 95 should read “ Rotor 

” instead of ‘‘Stator Windings.” The second 
itions under ‘“‘ General Comparison of Air and 


rmin, = 
” on page 97 


and at the bottom of the Agim wanal “for short 
i ould be inserted 


after “‘ The micanite wrap 


on the stator bars may be considered to be waterproof. 
At the end of this 
after ‘‘ marine turbines are not.”’ 


ion “ generally ’ should be inserted 





Canapian Ispustrigs Exursition.—An exhibition 

devoted to Canadian industrial enterprises 

in June next in London, says The Bourd of 

Trade Journal, will have the support of the Canadian 
Canadian 


Trade Commission, the ufacturers’ Asso- 
ciation, and in London. The 
organisation is in the hands of Mr. H. Greville Mont- 
gomery, promoter of the building trades and other 
successful exhibitions, who, in roo Mr. Lloyd 
Harris, of the Canadian Mission in London, recently 
eee ene peeeneny 20 cule tie support 
of firms an en interested in moting Canadian 
interests in the world’s markets. ost of the ground 


at the Royal Agricultural Hall has already 
finitely allotted to leading firms, the exhibits 


All information can be obtained 
rom the offices of the exhibition, 43, Essex-street, 


Strand, W.C. 2. 





DEPARTMENT OF ScrentTIFIC AND INpustTRIAL RE- 


sEARcH.—The Lord President of the Council has approved 
the appointment of Colonel Sir Frederic Nathan, K.B.E., 
late 
the Fuel 
and Ind 
the war, was Superintendent of the Royal Gunpowder 
Factory at Waltham Abbey, and, later, works manager 
of Messrs. Nobel’s Explosives Facto 
the officer in control of alcohol under the Ministry of 
Munitions durin; 
tion Section of the Interdepartmental Committee on the 


.A., to be Power Alcohol Investigation Officer under 
ih Board of the Department of Scientific 
ial Research. Sir Frederic Nathan, before 


, Ardeer; he was 
the war, and Chairman of the Produc- 
production and utilisation of alcohol for power and 
with the 
ition and with making proposals 
to the Board for such experiment and research as may 
from time to time app to be y. Professor 
Pierce Purcell, who was secretary of the Irish Peat 
Inquiry Committee, has been appointed to act as Peat 
Investigation Officer under the Fuel Research Board. 





The duties of the Peat Investigation Officer will similarly 


be to keep the Board informed of all progress in con- 
nection with research into the utilisation of peat, to 
continue and extend experiments on the mechanical 
cutting and winning of peat, and to make arrangements 
for careful tests of the use of peat as a fuel under boilers. 





TRADE with THE Duton East I[NpiEs.—The United 
States Trade Commissioner, John A. Fowler, says 
The Iron Age, has prepared a report for the Department 
of Commerce on market for iron and steel in the 
Dutch East Indies. The first isite of a ful 
business, he states, is able representation in the field. 
Before such action is taken, however, he recommends 
that American steel and iron-producing companies 
inquire carefully into the expenses of such an organisa- 
i He declares that unless these companies remain 
permanently in the market there, withdrawal after a 
short exploitation would do American business more 
harm than good. He reports that there is no question 
about the t of busi that can be done in iron 
and steel in the Dutch East Indies. With 200 or more 
sugar ‘‘centrals,” thousands of miles of light rails are 
constantly needed, and under the present plans of the 
Dutch East Indian Government, 10,000 miles of railway 
will eventually be built. Government work planned 
during the next few years will alone require 45,100 tons 
of cast-iron piping, to say nothing of the private needs of 
oil companies for pipe lines, and the demand for reinforc- 
ing material on concrete construction work. As soon 
as conditions become somewhat normal, new mini 








ventures will be opened up in what is potentially a great 
mining country, and the supply of machinery for this 
work will be iraported entirely from abroad. 


ing to | P' 


ing | market to buy, but they hesitate to pay the prices asked. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Iron and Steel.—Inquiries for all classes of manu- 
factured goods, and particularly for mild steel and tools 
for shipment, are plentiful, but manufacturers show 
some hesitation about fixing up long-dated contracts 
until something more definite 1s known respecting 
prices of raw and semi-finished materials. Local 
roducers of pig-iron contend that current experience is 
insufficient to allow them to commit themselves to 
fixed rates. Provisional contracts are subject to a 
condition that the new official prices, when determined, 
shal. be paid. Makers of hematite pig-iron are charging 
10s. advance on old contracts, and 20s. on new. Both 
Derbyshire and Lincolnshire makes are likely to advance 
15s. to 20s. a ton. South Yorkshire billets will 
probably move up 20s. a ton on old contracts and 30s. 
@tononnew. Though it isimpossible for the engineering 
trades to make substantial headway until the moulders’ 
strike is settled, there is convincing evidence of increased 
activity in certain allied branches. There has been a 
marked improvement in the crucible steel trade, which, 
for several months preceding Christmas, was exceptionally 
flat. Large orders have been received from the United 
States, and an increased tonnage is going to the Continent, 
chiefly for French consumption. fe is doubtful whether 
makers of motor-car steel Sees ever experienced greater 
pressure, and though expenses are considerably increased 
at the roiling mills by frequently changing rolls to meet 
orders for varying sizes, users do not appear to be paying 
great attention to price considerations so long as delivery 
is maintained. uch the same applies with regard to 
acid steels. Requirements are quite equal to the daily 
output. Sheffield is supplying a large tonn of 
structural steel for wagon builders in the Midlands 
and the South. Stocks of alloys are ually being 
reduced, fo-lowing the increased demand for high-speed 
steel. America continues a good buyer of this class of 
steel, despite the inequalities of exchange, though 
business will have to expand stil! further if the level 
of pre-war trade with America is to be reached. Tool- 
ers are all booked up for several months ahead. 
The pressure on file manufacture promises to reach 
boom proportions, ‘despite the much wider adoption of 
forging plant and labour-saving devices. 


South Yorkshire Coal T'rade.——There appears con- 
siderable conflict of opinion as to whether famine con. 
ditions do or do not exist in the house coal trade. It is 
a fact, however, that smali dealers are unable to secure 
anything like the quantities required for current delivery, 
and that order books at depots show increasing arrears. 
Only the continuance of mild, unseasonable weather 
prevents the shortage getting seriously out of hand. 
Increased consumption of manufacturing fuels has 
brought renewed pressure on deliveries. Some com- 
plaints are heard of shortage, but generally the staple 
trades are well supplied, and are not without reserve 
stocks. Railway companies and inland works appear 
to be faring very favourably. Scarcity is much more 
pronounced in regard to gas and electricity concerns, 
which have considerable difficulty in maintaining full 
supplies and at the same time preserving minimum stocks 
against emergency. Cokes are a strong market, and are 
difficult to procure. Quotations :—Best branch hand- 
picked, 23s. to 24s.; Barnsley best silkstone, 23s. to 
238. 6d.; Derbyshire best brights, 21s. to 22s.; Derby- 
shire house coal, 18s. 6d. to 19s.: Derbyshire best large 
nuts, 18s, 6d. to 19s. 6d. ; Derbyshire small nuts, 27s. 6d. 
to 28s. 6d. ; Yorkshire hards, 28s. 6d. to 29s. 6d. ; Derby- 
shire hards, 28s. 6d. to 29s. 6d. ; best slacks, 24s. to 25e. 
nutty, 238. to 24s. ; smalls, 198. 6d. to 20s. 











NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLEsBROUGH, Wednesday. 

The Cleveland Iron Trade.—An outstanding feature 
of the Cleveland pig-iron trade is the phenom>nally high 
rates neutrals are prepared to pay. The unprecedented 
figure of 220s. for No. 3 has been paid for Scandinavia, 
but little iron is available for such trade. Producers 
are devoting most attention to the needs of home con- 
sumers, and the allies. Supply of iron continues in- 
adequate, but it is gratifying to have to announce con- 
siderable improvement in rail-borne deliveries due to the 
much better supply of trucks. Possibly effort will be 
made shortly to increase output of Cleveland pig-iron 
by blowing-in of idle furnaces, if raw material can be 
obtained for that purpose. To home customers, No. 1 
Cleveland pig-iron is 182s. 6d., and No. 3, as well as all 
the lower qualities of Cleveland iron, is 175s.; and for 
shipment to France, Belgium and Italy, No. 1 is 187s. 6d. 
and No. 3 and inferior grades are 180s. 


Hematite Iron.—East Coast hematite is fairly plentiful, 
and in only moderate request as compared with demand 
for Cleveland pig-iron. Producers, however, are by no 
means pressing sales. Home business is on a rather 
better scale, but inquiry from abroad shows little or no 
improvement, and, owing to continued adverse rate of 
exchange, Italy—one of the best customers of this 
district—is taking no more iron than is essential. No. 1 
is 222s. 6d., and mixed Nos. are 220s. for home use ; 
and for shipment to France, Belgium and Italy the former 
is 2278. 6d. and the latter are 225s.; whilst for export 
to other countries, the minimum quotation for hematite 
is 230s. 


Foreign Ore.—Some consumers of foreign ore are in the 
Sellers, however, take a firm stand, an dently 
anticipate considerable business, at high rates, in the 
very near future, though consumers declare that prices 
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have become prohibitive. With the freight Bilbao- 
Mid now 338., the price of rubio, of 50 per 
cent. quality, cannot well be put under 63s, c.i.f. Tees. 


sal ees anand ios tah od ean 
iron 

Customers are anxious to pdm. Sige gy 
Sadie inenciaiiecens tna paaigion te enter inte Pandine 
contracts, all firms 
Consumers’ home and abroad are so great that 

of secondary consideration, the 
juestion with customers being that of 
deli - The ing are among the principal market 

:—Common iron bars, 23/.; marked 


F 


joists, each 19]. 10s.; heavy sections of 
181. 168, ; and galvanised sheets, 47/. 2 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Local Coal Market.—The coal market is dis- 
located by a stoppage of work at the Barry Docks conse- 
quent on @ dispute between the Dockers’ Union and 
two dock-gatemen. The latter, some time ago applied 
for permission to transfer to the National Union of 
Railwaymen, and as this request had been refused, 
declined to pay their contributions to the union. The 
matter has now been brought to a head, as other member: 
of the union at Barry, numbering some 2,500, refused 
to work with the men in question, and in consequence 
the work of the port has come to an automatic standstill. 
This morning only six coal tips were working, because 
vessels cannot be moved to and from the tips, as the 
boatmen are out and it is not practicable to shift vessels 
under their own steam, because it is considered probable 
that the trimmers would refuse to handle such tonnage. 
The Railway Company have been requested to 
a dock-gatemen in question, but they have 
pk i pt arg Es ae nga Sis ime 
concerns the Dockers’ Union and the men, and must be 
settled by them. Unless an immediate solution of the 
difficulty is reached the prospects are very black for 
to-morrow, it is expected that a number of collieries 
will be rendered idle, and some thousands of men thrown 





to © 

Docks; an immediate resumption of work will peee plese. 

Actual buginess on the coal market is quiet as buyers 
are holding off, where practicable, anticipating that 
more coal will be available for shipment at ports not 
affected by the stop , and that sellers will modify 
their ideas of values. erally 110s. is asked for best 
—_ and 92s. 6d. for first quality steam smalls, but 
collieries affected by the Barry stoppage are ready to 
discount these prices by at least 10s. a ton to buyers 
able on: tobe immediate ero, Only be ional 
cases, however, can buyers ta! vantage ition, 
for loading accommodation is congested, and in the 
majority of cases cargoes have already been 
for vessels in dock. Coke is ingly scarce and 
commands up to 130s. for export and up to 80s. for home 
consumption. Patent fuel is only available in small 
parcels at 110s. 


The Iron and Steel Trades.—The Joint Industrial 


bese Sees reser ye 4 
‘uture wages wi subject of negotiation. No war 
percentage bonus is to be paid on the 40 per cent., and 


the new rates work out as follows: For 


to hang over the 
demand for tin plates is as pressing as ever, 


have no difficulty in upholding prices. 





NOTES FROM THE NORTH. 
Scotch Steel Trade.—There ee 
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being overwhelmed with work. of 


for the heavier gauges in particular they scarcely seem 


able to satisfy. os pend orders are accounting for a NOTICES OF MEETINGS. 


fair tonnage now, and much of it is going East. Prices mage Rae 
all round are strong, but these count less than delivery, F bP oe : Pn nt al pa Beer om sw ong 
nies Gaghe cosentinl s- Gate, St. James's Park, 8.W. to be read: 


Malleable Iron Trade.—The position of the West of 


Nu b 2 
Scotland malleable iron trade is and much a agtys 4 


, of London, Associate Member. 
Kerontsy Assoctattoxn or EnoINeEeRs.— 
, January 24, the Fourth Lecture of session 
will be given in the Assembly Room of the 
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owla Club, Cavendish-street, by Mr. H. E. Thomas, 
increased naa’ ol erodectektent og the oo % bs Manchester. Subject: “ Automatic Machines.” The 
railway rates. chair eda at mers y — nt. 

Scotch Pig-Iron Trade.—Active conditions continue to TION OF ENGINEERS. 
rule in the ‘fis-iten trade of Scotland, and a pro- wrest, utd joer ~~ ay ; we 
— of the present make is being consumed ly: i “str ey — ae A ‘on f wolly Bnd 

he new quotations are not retarding business, as large | + w, Management,” by Me, H Mensforth, C.B.E 
quantities are being asked for daily, and juiries for M.S8c., M. ne Wage ng perth, CD B.. 
export are also very good. In the latter connection | .4°7 > -» Member. chair 
some quite fair lines have recently gone through, pm. 


in 
foundry iron chiefly, There is a very demand 
from the local steel-makers for hematite iron, and 
deliveries are very satisfactory. Prices continue to rule 
strong. 

Institution of Engineers and Shipbuilders in Scotland.— 
Dr. Blackwood Murray presided at a meeting of the 
Institution of Engineers and Shipbuilders in 
last night, in the Institute headquarters, Elmbank-street, A 
G w. The meeting was held jointly with the|M.B.E., M.A., F.G.8., Fellow of Downin 
mem of the Scottish branch of the Royal Aeronautical | Cam and formerly of the Royal 
Society, who received a hearty welcome from the chair- Ww , January 28, at 4.30 p.m.: 


Tae Braprorp Ewnocrmvesrme Soomry.—Monday, 
at 7.45 p.m., in the Hall of the Bradford 
a Lecture will be given by 
Manchester), on “ Boiler and 


Tus Roya. Society or Arts.—Monday, January 26, 
Cantor Lecture, “‘ Aircraft ee mend 
War and Peace, by Captain H. Hamshaw Thomas, 





College, 


ir Foros: 


man, A pee was read by Mr. J. 8. Nicholson, B.Sc., eeting, “The Ruin and Restoration of 
Glasgow University, on “The Development of Metal | Belgium,” by Sir Cecil Hertslet, late H.B.M. Consul- 
Construction in Aircraft.’”” The annual James Watt | General for i Monsieur Emile Cammaerts will 


dinner of the Institution takes place on Friday evening 
of this week, in the Grosvenor Restaurant, G : 
yey president, Dr. Blackwood Murray, will occupy 
the chair. 


um. 
preside. The paper will be illustrated by lantern views. 


Tas Insrrrvrion or Crvim Enoiveers.—Tuesday, 
Jan 27, at 5.30 p.m. Papers to bie furthier disounsed ! 
“Whitby Harbour Improvement,” by Mr. James 
Mitchell, M.Inst.C.E.; “The Design of Harbours and 
Breakwaters with a view to the uction of Wave- 
action within Them,” Mr. Ralpb Frederick Hind- 
marsh, M.Inst.C.E.; “‘ Wave-action in Harbour Areas ; 
with 1 Reference to Works for Reduging it at Blyth 
and itby Harbours,” by Mr. John Watt Sandeman, 
M.Inst.C.E. ; 

Sunderland Harbour, with Reference to the Reduction of 


“The Improvement of the Entrance to 
by Mr. William Simpson, 0O.B.E., 





Fuets ror*Moror Veuicies ;?Erratom.—We much 
regret that in the leading article on this subject published 
in our last issue @ printer’s error escaped our notice. 
On page 86 ante we referred to the remarks of Mr. H. 8. 
Broom, of Messrs. Broom and Wade, but in both cases 
the name Brown was printed instead of Broom. The 
error, much as we regret it, will probably give rise to 
but little confusion, as the name of the firrr is so familiar 
to engineers, v 


Tae tate Me. Georce AINsSwoRTH.—We regret to 
announce the death which occurred suddenly on the 
18th inst., at The Hall, Consett, of Mr. George Ainsworth, 
the late general manager of the Consett Iron Company. 
Mr. Ainsworth was in his seventieth year. He retired 
from the position of general of the Consett 
Company on March 31 of last year. e had been in the 
service of the company for about forty years and was 
selected as general works manager at the annual meeting 
held in Newcastle in Au , 1894, when the late Mr. 
William Jenkins resigned the position of 


Wave-action,” 
M.Inst.C.E, 

Tue AssoctaTion or ENGINEERING AND SHiPBuILpING 
DeavGuTsMEen.—Tuesday, January 27, at 7.30 p.m., 
at The Arts Building, Liverpool University, Mr. 8. 
Clowes, Wh.Ex., on “‘ Elementary Calculus,”’ being the 
sixth lecture of series. Thursday, January 29, at 
7.30 p.m., at the Liverpool University Engineering 
Lecture Theatre, Dr. H. Whichells (Hon. Secretary, 
oy ae Astronomical Society), on “The Scenery of 
the vens.”” 





3 Tux RY were ey a ee 

general manager. | January 27, at 8 p.m., at y iety of Arts, 

He was appointed general manager in 1905 and had under | John-street, A i, London, when a discussion on 

his s ision ail the productive industries associated | “‘ Colour-matching = Natural and Artificial Light” 

with firm. Mr, Ainsworth became a member of the | will be opened by Mr. W. C. Martin (Department of 

Iron and Steel Institute in 1872, and was made a Member | Technical Optics, Imperial College of Science), 

of Council in 1900 ; he ne ween Tas Instrrore or Marie ENGINgErs.—Tuesday, 

Government Industrial Commission ; president of the se Cee er ee tye eal gy 

British Steel Ingot Makers’ Association ; of | Mr. H. T. Williams. : 

the Board of Conciliation and Arbitration for the Manu- 

factured Iron and Steel Trade of the North of England ;|_ T#® Wrretess Socrerr or Thu 

chairman of the Shotley Bridge and Consett Gas Com- | Jan 29, at 6 p.m., Meeting at the Institution of 
Civil when a Lecture, illustrated by experi- 


; ex-chairman of the t New Town Hall , : : 
Deupeut Limited ; and was on the Board of several | ments and lantern slides, will be given by Mr. R. C. 
other local institutions. Clinker, entitled “A Portable Valve Set and Some 
<add Properties of C.W. Circuits.” 

Tae Paystcat anp Orticat Soorettzs’ Exutsrtrion— 
ApDDENDUM.—We much regret that in the description 
of Messrs. Tinsley’s exhibits a whole paragraph 
accidentally left out in the first column of 88 of 
last week’s issue. The description of the 
circuit should have been followed by the missing 
: “The last novelty of Messrs. Tinsley we hav 
to mention is Dr. C. V. ’s stroboscopic 
indicator, which is fitted with a neon tube, as developed 
by Dr. Aston and others at the Royal Aircraft 


Lonpvon.—Thursday, 


Tae Insrrrvotion or Mecuanircan EncGineens; 
Manouester Meetinc.—Thursday, January 29, at 
7 p.m., at the Engineers’ Club, Manchester, when 
Mr. Eric M. rom will read his paper on “ Recent 
Advances in the Utilisation of Water Power.” The chair 


will be taken by Mr. J. Phillips Bedson, M.I.Mech.E. 


Tae Royat Instrrovion or Great Brerarn.— 
Friday, January 30, at 9 p.m., a discourse will be delivered 
b . & G. Brown, F.R.S., M.LE.E., M.R.L 
The subject is “The 


q 


4 


if 


Com; ” Afternoon 
50 r.p. to “Pp. 
sh say wena om, So 2-8 we tahoe tam, Ths | serel ch 8 pans Peaniay, Jarier. 97, Poke 
flexible % to the motor shaft; a t fork is|@. Elliot Smi M.D., F.R.S., F.R.C.P., on “The 
connected to a small induction coil worked by a 2-volt | Evolution of Man and the Early History of Civilisation : 
battery, the secondary of which com the neon | 1. Man’s Ori : Thursday, January 29, Mr. Richard R. 
tube. By the oscillations of the tuning flashes are | Terry, Mus.Doc., F.R.C.O., on snce Music in 
produced at intervals of 1/50th of a second.” On the Italy and En (with musical illustrations) (Lecture 
stroboscopic disc are marked my A gpag ew figures, 1) whe.’ January ip age Benne, Drees. 
square agon “poi . F.R.8., Astronomer no- 
v ered thew gual turns oa oe 3 mical Evidence on Einstein’s Theory of Gravi- 


Beari 
tation: 1. Movement of the Perihelion of Mercury.” 


iccanes o0 t 7.30 The Menatectare of Hi; Nirogte 
, at .m., “* of Hy n 
Ges by the Silisol Process for Airships end Commercial 
Purpose,” by Mr. G, E. Lygo, Member. 


When through 
subtended by two of its corners or points in the interval 
of 1/50th second, it will oceupy the same apparent 
position at each flash and will . Thus 
when the star rotates at 1 revolution in 1/50th 
second (1/3,000 minute), the star will a station 
and this will occur at any multiple of revolution 
per 1/50th second, that is to say. for 100 r.p.m., 200 
termediate values of 





r.p.m., 300 r.p.m., &c. At the in Fepgration or Barrise Inpusrnies.—Mr. G. C 
50 r.p.m., 150 r.p.m., 250 r.p.m., &¢., the star will look | Musgrave has been inted as a tative of the 
double. oe besagen will epee Sees wea Federation :n Cuba. will be sa ling at the end of 
1,000 r.p.m., 2,000 r.p.m., t and square at|this month, His ‘will be communicated to the 
600 r.p.m. and 750 r.p.m. ively, with inter- as soon as he has taken suitable offices on his 
mediate doubles and trebies. By combining arrival. Mr. Antonio Gibbon, whose address is 74, 
appearances eh say of rotation can be kept constant | Naranja 179, Mexico, D.F., has been appointed as o 
at any desired value, and any creeping off or up in the | federation’s representative. Arrangements for a per- 
shaft speed will immediately me visible by the slow t secretary in Holland are being made, and details 


rotation of the geometric figures in the one or other 





manen' 
with regard to this will be given as soon as they are 
direction. This completes the description. complete. 
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NITROGEN PRODUCTS. 

Tue beating of a sword to a plough-share has never 
appeared an altogether promising commercial 
proposition. In its less metaphoric aspects the 
same problem too often has as little, or less, attrac- 
tion, and to what one can profitably beat a few 
million 6-in. shell forgings it is difficult to say. 
It is curious that one important ingredient of our 
great output of war material—nitrogen compounds 
—should not only lend itself better than some others 
to a change from war to peace but should, from 
its use both for high explosives and in farming, 
add a new verisimilitude to Isaiah’s metaphor. 
We do not know what the members of the Nitrogen 
Products Committee think of the matter, but it 
apparently should be some satisfaction to them to 
realise that the report of 350 odd pages which they 
have just issued is likely to be of equal value during 
war or after. The reference of this committee, which 
was appointed in June, 1916, covered consideration 
of methods for the fixation of atmospheric nitrogen 
from the points of view both of war and peace, but 
it is obvious that the committee owed its existence 
to the war and that the sword rather than the plough- 
share was in the minds of its creators. 

The general question of the manufacture of 
nitrogen products can be looked at from several 
points of view. As an essential ingredient of 
modern explosives their production becomes a 
“key industry” in terms of the definition which 
the war has given to that expression. As a necessary 
link in the development of modern agriculture they 
hold a position second only in importance in war to 
that which they bear with reference to high ex- 
plosives. The value of nitrogen products in this 
latter direction applies equally in peace with war, 
and those who take an interest in the advance of 
our agriculture may hold that the extension of their 





__| manufacture in this country should be assisted. 


In the use of “ artificials”’ in farming we are far 
from occupying a leading position. The question of 
nitrogen products can again be looked at from the 


;| point of view of the extension of a valuable industry. 


In 1912 the world production of nitrogenous ferti- 
lisers was 4,084,483 metric tons, and of this total 
we produced only 394,521 metric tons in the form of 
ammonium sulphate. The world total given above 
includes. Chile nitrate, which is a natural product, 


;| but it could be replaced by home manufactured 


compounds. 

A preliminary consideration of the general 
question of nitrogen products causes it to appear 
one of much complication, but a closer study reduces 
it to simple terms. The apparent complexity 
arises from the number of different processes and 
the number of different compounds which are 
available, and which are competing as nitrogen 
fertilisers. One has Chile nitrate, a natural nitrate 


132| Of soda of which there are vast deposits in Chile ; 


ammonium sulphate, a by-product from the dis- 
tillation of coal, and manufactured extensively in 


»| ground calcium carbide with nitrogen at a 





this and many other countries; nitrate of lime, 
produced by the arc process chiefly, in Norway ; 
calcium cyanamide or nitrolim, produced by treating 
temperature and produced in the United testy 
Germany and other countries ; ammonium sulphate 
produced by the Haber process, the commercial 
working of which has so far been confined to Ger- 
many ; nitrate salts manufactured by the ammonia 
oxidation process which was developed to a remark- 
able extent in Germany during the war to 
the cutting-off of supplies of Chile nitrate. It is 
not necessary to extend this list further in this way. 
It is by no means complete, and mention might be 
made of the Hiiusser or explosion process of fixing 
atmospheric nitrogen, the Serpek or aluminium 
nitrate process, and the work that has been done in 
reference to nitrogen recovery from peat and 
sewage. 

An enumeration of these various processes and 
products suggests a subject of much complexity, 
and from the point of view of the chemistry of the 
matter and the manufacturing processes entailed, the 
complexity certainly is there. Dealing with the 
subject broadly, however, and looking at it from 
the business man’s point of view, it reduces itself 
to very simple terms. For actually at the present 
time there are but two branches of the nitrogen 
products industry which can be considered of great 
importance.. These are the Chile nitrate trade and 
the manufacture of by-product ammonium sulphate 
In 1912 the world consumption of Chile nitrate was 
2,530,645 metric tons, and of ammonium sulphate 
1,200,000 metric tons. Synthetic products of which 
calcium cyanamide and nitrate of lime were the more 
important, made up a total of only 150,000 metric 
tons. These figures are somewhat surprising. In 
view of the remarkable developments of Norwegian 
water power for the fixation of atmospheric nitrogen 
and the large amount of work which has been done 
in the United States and elsewhere towards the 
manufacture of calcium cyanamide, one would have 
expected that these competing products would have 
attained a more important position. 

The figures we have quoted relate to a period some 
seven years ago; but there is no reason to sup 
that the relative positions of the various industries 
materially altered just prior to or during the war. 
Output by certain of the lesser-known processes 
was advanced in Germany in view of the isolated 
position in which she found herself, but it is improb- 
able that the quantities produced can seriously have 
affected the proportion of the figures we have given. 
As Chile nitrate has formed more than two-thirds 
of the world’s total supply of combined nitrogen, 
it has controlled the price, which on the whole, 
during recent years, has shown an upward tendency. 
The manufacturers of competing synthetic nitrogen 
compounds have, however, been in a position to 
place their products on the market at a competitive 
price. This suggests that their manufacture is a 
sound business, and may ultimately become a very 
large one. Although the output is relatively small, 
it was increasing before the war at a much greater 
rate than the sale of Chile nitrate, or the manu- 
facture of by-product ammonium sulphate. 

The report of the Nitrogen Products Committee 
concerns itself in essence with the case for the 
establishment of plants for the fixation of nitrogen 
in this country. The report, as we have already 
indicated, is of great length, and much information, 
both of a statistical and technical nature relating 
to the various nitrogen processes is given. It 
would be quite impossible adequately to review the 
report in a single article, and some of the special 
problems with which it is concerned we will deal 
with on another occasion. The final recommenda- 
tions of the committee may, however, be given 
attention here, as they necessarily must have 
important relation to the wf ten well situation of 
the nitrogen products industries. The committee 
recommend that the calcium cyanamide process 
should be established in this country without delay, 
with Government assistance if necessary, and that 
the scale of manufacture should be sufficient to give 
an output of 60,000 tons of cyanamide a year. 
They also recommend that the synthetic ammonia 
(Haber) process should be established on a com- 
mercial scale forthwith in this country, and that a 
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minimum output of 10,000 tons of ammonia, equiva- 
lent to 40,000 tons of ammonium sulphate a year, 
should be aimed at. For this development it is 
recommended that the incomplete Government 
factory at Billingham-on-Tees, which was started 
early in 1918 for the manufacture of ammonium 
nitrate, should be taken over. In conjunction with 
this project it is recommended that an ammonia 
oxidation plant on a scale sufficient to produce 
10,000 tons of 95 per cent. nitric acid a year shoul 

be completed. ' 

It will be realised that these three proposals 
constitute a fairly ambitious programme, but they 
do not exhaust the enthusiasm of the committee. 
The remaining proposals are, however, likely to 
arouse less criticism. They cover encouragement of 
the by-product ammonia industry by facilitating the 
replacement of non-recovery coke ovens by ovens 
of the recovery type, and increase of the ammonium 
sulphate output by making it incumbent on all 
gasworks, which now contribute to the supply, to 
put into practice various expedients which have 
proved to result in considerable diminution in loss 
of ammonia by volatilisation and otherwise. A 
scheme for an increased recovery of by-products by 
the co-operation of the smaller gas works is also 
outlined. Finally, in this connection, it is recom- 
mended that the use of gas both for domestic pur- 
poses and for steam raising, in place of raw coal, 
should be encouraged as far as possible. 

In addition to these, which may be called the 
commercial schemes of the committee, it is recom- 
mended that experimental work should be carried 
out on the Hiusser process, the cyanide process, 
&c., and in general that the researches on the 
nitrogen problem initiated during the war should be 
continued, This matter of research we need not 
deal with for the moment. The proposals are likely 
to be generally acceptable. The recommendations 
in reference to the encouragement of, and improve- 
ment of efficiency in, the by-product ammonium 
sulphate industry are also likely, at least in broad 
terms, to be generally agreed with. This is an 
important industry in this country. In 1913 we 
produced 439,540 metric tons of ammonium sulphate, 
of which by far the largest part was exported. The 
material was obtained mainly from coke-oven plants 
and gas works. Clearly anything which can be done 
to improve the efficiency of an established industry 
of this kind is worthy of support, especially when 
the improvements take the form of the recovery of 
valuable material which is now wasted. The report 
states that as much as 25 per cent. of our coke was 
produced in non-recovery beehive ovens in 1917. 
In connection with gas works it is stated that there 
are very considerable variations in the results 
obtained, even among the principal gas works, and 
that very simple attention to certain points of detail 
would much improve the general position. 

The recommendations of the committee in 
reference to the establishment on a large scale of 
various nitrogen fixation industries in this country 
open up a very different series of questions from 
those which follow on the recommendation in 
reference to by-product ammonium sulphate. 
The committee's arguments briefly are the necessity 
for rendering ourselves more free from dependence on 
imported nitrogen products and the value of meeting 
the increasing demands from home sources, In 
connection with the production of nitric acid for 
war purposes it is pointed out that prior to the war 
the arc process was the only alternative to the use 
of Chile nitrate. The development of the ammonia 
oxidation process during the war has, however, 
given an alternative supply of nitric acid. As this 
process requires much less power than the arc 
process, it is for this reason put forward as the most 
suitable for establishment in) this country. This 
aspect of their recommendations may be in the 
nfain looked upon as a schéme for the inauguration of 
a key industry which is vital in war. The synthetic 
ammonia plant which it is recommended should be 
established at Billingham-on-Tees, may be con- 
sidered as auxiliary of the ammonia oxidation plant, 
and would supply ammonia which would be available 
for conversion to nitric acid and ammonium nitrate 
by modern methods of catalytic oxidation. 

It is interesting to note that the committee 
consider that the establishment of the ammonia 





oxidation process may ultimately lead to an aban- 
donment of the older retort method of producing 
nitric acid from Chile nitrate. To say this is, of 
course, to take a long view. The proposed plant is 
to make 10,000 tons of nitric acid a year. Under 
pre-war conditions the manufacture of nitric acid 
in this country apparently amounted to a figure 
of about 14,000 tons a year. It will be clear that 
such a scheme as that outlined makes a very serious 
attempt to control the trade. The amount of Chile 
nitrate used for the manufacture of nitric and 
sulphuric acid in this country is, however, but a 
small proportion of the total production. None the 
less it must be realised that Chile nitrate is a raw 
material of the nitric acid industry, and any 
deliberate and Government-subsidised attempt to 
eliminate its importation is likely to meet with 
much opposition. Chile is a valuable consumer of 
manufactured materials, and it is doubtful if it is 
desirable, even if it is possible, to eliminate her 
importation of her important natural product. 
The necessity for safety in war might, however, 
over-rule other considerations. 

The other main recommendation of the committee 
—that for the establishment of a large calcium 
cyanamide plant—rests its claims rather on the needs 
of agriculture in war, the expanding market and the 
value of the industry, than on any question of 
munitions. It is incidentally suggested that one 
of the proposed water-power schemes in Scotland 
should be utilised in connection with the proposal. 
If the report causes any manufacturer or group of 
manufacturers to take up this matter seriously it 
will have done good work. The establishment of 
the industry is probably indeed worthy of Govern- 
ment aid, but that the manufacture of purely com- 
mercial products like calcium cyanamide and 
calcium carbide should be undertaken by the State 
would be very objectionable. The thing could be 
done, but instead of a profit being made we should 
expect one further slight burden on private industry 
in the shape of a subsidy to carry the thing on. 





BOILER EXPLOSION INQUIRIES. 

Mr. WELLS has acutely observed that the lawyer 
and the politician are likely to remain our masters 
till the end of time, and an interesting instance of 
the difficulty of preventing the lawyer from assuming 
position and powers for which he has no qualifications 
is brought forward by Mr. C. E. Stromeyer, in his 
latest report to the Manchester Steam Users’ 
Association. This association was directly respon- 
sible for the Boiler Explosions Act of 1882, and the 
principal object in view at the time was the improve- 
ment of practice, by providing that every explosion 
should be investigated by an expert. In order to 
get the Bill through Parliament, however, it was 
unfortunately found necessary to “ placate” the 
lawyers by the provision that each commission of 
inquiry should comprise in addition to engineering 
experts, ‘‘ one competent lawyer.”” The result has 
been that this lawyer is always made president of 
the commission, and the evil does not end here, 
since he not unfrequent'y abuses this position, to 
object, often successfully, to any questions heing 
asked by his engineering colleagues. The natural 
result has been that in a large number of cases 
the report finally issued has been much less instruc- 
tive than it should have been, and in many instances 
it has been distinctly misleading. 

Lawyers are commonly credited with “‘ a judicial 
temperament,” but the real nature of this qualifica- 
tion is in general totally misunderstood. It does 
not (though the contrary is frequently asserted, 
imply any special capacity for weighing evidence) 
but merely the quality of listening without signs of 
impatience to the presentation of both sides of a 
question, no matter how foolish one of them may be, 
both in method of exposition and in fact. So far 
as human testimony is concerned, the quality has 
undoubtedly its advantages. An ignorant inventor of 
a perpetual motion, for instance, can rely on what 
he would consider “‘a fair hearing’’ from a suitably 
paid lawyer, whilst a self-respecting engineer would 
dismiss him out of hand. It does not follow, in any 
way, that this “suffering of fools gladly”’ is 
necessarily associated with any real capacity for 
weighing evidence. Instances to the contrary 





could be cited amongst present occupants of the 
judicial bench; but it will be more prudent to recall 
the case of the famous Sir Matthew Hale, a most 
eminent judge of the seventeenth century, who is 
recorded as being remarkable in those troublous 
times for holding himself aloof from prejudice and 
partisanship and to have discharged his duties with 
resolute independence and diligence. He had, in 
fact, an eminently judicial temperament, but his 
competence as a judge of evidence may be gathered 
from the following quotation from his observations 
at a trial at which he condemned two women to be 
hung for witchcraft. He maintained that the reality 
of witchcraft was incontestible “for first the 
scriptures had affirmed so much and secondly the 
wisdom of all nations had provided laws against such 
persons.” 

It is pretty evident from the foregoing that the 
judicial temperament constitutes by itself but a 
poor qualification for a commissioner appointed to 
conduct scientific or technical inquiries. As is very 
natural, the barrister, who acts as president of a 
boiler inquiry commission, tries to divert, so far as 
is possible, the course of the proceedings, from 
technology of which he knows nothing to law in 
which he is expert. He aims accordingly at estab- 
lishing a legal responsibility on those connected in 
various capacities with the boiler under review, 
rather than at the advancement of knowledge by 
providing data by which engineers may amend faulty 
practice. No doubt the course adopted does tend 
indirectly to improve practice, since the knowledge 
that any one connected with a boiler is liable to 
heavy fines should failure occur, does induce greater 
care in boiler management. Indeed, this remains 
true even if the penalty is not always justly imposed. 
The maxim of the “ debilitated cousin” in “* Bleak 
House” that it was “far better hang some filer 
than no fler,” immoral as it may be, has been proved 
effective by rulers from the Rome of antiquity to 
the Bolshevist of to-day. Both adopted the 
practice of taking hostages and neither of these 
different forms of despotism has shown any hesitation 
in executing the “‘ wrong fler”’ when the right one 
was unattainable. 

It is not, however, a practice which commends 
itself to the instinct of fair play, and Mr. Stromeyer 
is fully justified in drawing attention to the fact 
that under their present direction these com- 
missions of inquiry are more akin to the inquisitorial 
Continental courts with their juges @’ instruction, than 
to the British pattern. The witnesses, he states, 
have no legal protection, and may be heavily fined 
on their own evidence. Hence they are naturally 
very guarded in their statements, and data which 
might prove very valuable as a guide to future 
practice may be entirely suppressed, arid most of 
the reports, of which over one-half are prepared 
by the lawyers concerned, make no mention of 
essential technical points. Thus, in numerous cases, 
the thickness of the shell plating of the exploded 
vessel is not mentioned, and there is, accordingly, 
no possibility of estimating the stress at failure, and 
no guidance as to whether the factors of safety in 
common use are in accordance with experience. 
Again, the preliminary inquiries are held by the 
Board of Trade surveyors, appointed apparently in 
rotation, instead of being confined to two or three 
men who would rapidly become experts in such 
matters. 

It follows accordingly that the reports published 
are far less instructive than they should be, and 
hence those interested in them have to dispose of 
‘‘an intolerable deal of sack” in the way of 
irrelevant detail in order to attain to even a@ poor 
‘‘halfpenny-worth of bread” in the form of useful 
technical data. Fortunately, however, the task of 
digesting these reports and extracting from them 
such matter of value as they may contain, has been 
undertaken by Mr. C. E. Stromeyer in the surveys 
which he presents annually to the Manchester 
Steam Users’ Association. Thus a very valuable 


discussion of reported failures due to “ Water 
Hammer in Steam Pipes,” which will be found in the 
report for the year 1908 ; another “On the Strength 
of Stayed Flat Plates” appeared in his report of 1912 ; 
whilst the report just issued contains a valuable dis- 
cussion of the safety of cast-iron economisers. Whilst 
destructive explosions of economiser pipes are 
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relatively rare it appears from the data collected by 
Mr. Stromeyer that failures are fairly frequent, and 
that on the average one pipe in an economiser will 
require replacement every five years. Only about 
one in 2,000 of these failures is, however, accom- 
panied by an explosion. Why there should be 
failures is far from obvious. The stress is very 
steady and the factor of safety reckoned in the 
ordinary way is from 20 to 30. Yet, whilst steam- 
engine cylinders subjected to varying stresses of less 
intensity hardly ever fail, there are unreported 
failures of economiser pipes almost daily. 
Occasionally the failure takes the form of a 
disastrous explosion, although the safety valve area 
provided is ample according to all accepted rules 
of design. This, Mr. Stromeyer attributes to the 
fact that a pipe failure which ordinarily involves 
no danger, chances on occasion to coincide with an 
error on the part of the stoker in control of the plant. 
At times, in fact, the stoker forgets to close the 
damper when the feed is shut off. The consequence 
is that the tube becomes a steam generator, and 
should it fracture in this condition the elastic force 
of the steam may turn the fragments into dangerous 
projectiles. So far, however, Mr. Stromeyer is 
unable to proffer any explanation as to why these 
pipes should fracture, but the subject is obviously 
one worthy of expert inquiry, which would no 
doubt have been made ere this had the Boiler 
Explosions Act been interpreted and worked along 
the lines contemplated by its original promoters. 





WATER-COOLING FOR TURBO- 
ALTERNATORS. 

Tue electrical engineer from the nature of his 
craft is forced to the extensive use of materials 
which the designer of machinery in general is very 
glad to be free from. This in a sense has always been 
a handicap to the electrical designer, although in 
view of the position to which the electrical industry 
has now attained it may be held that he has met 
that handicap in a very able way. There is much 
truth in this, and good mechanical design has 
certainly assisted electricity in living up to the 
claims which it is able to make in*’so many important 
industries. Even now, however, electrical machinery 
has not quite been able to draw level with purely 
mechanical machinery in some lines of work, and 
it still carries something of the stigma of the day 
of sealing-wax and bent wire. The most prominent 
example of the persistence of this feeling is now 
furnished by some of the opposition to its use in 
connection with the propelling machinery of ships. 
Part of the opposition is due to genuine technical 
opinion that electricity has not made its case as a 
ship-propelling agent, but other is certainly due 
to a still persistent idea that electrical machinery is 
unmechanical. 

Any outsider who heard Mr. Shepherd’s paper 
read before the Institution of Electrical Engineers, 
on the 8th inst., or who read the reprinted paper 
in our columns duri the last two weeks, 
might be pardoned for thinking that distrust 
of electrical machinery by the mechanical 
engineer is well founded. The first half of 
Mr. Shepherd’s paper might well give the idea 
that a modern power-house is of pyrotechnic 
rather than of mechanical interest. We do not 
think Mr. Shepherd was to be blamed for this. 
A paper which deliberately deals with failures of 
turbo-alternators and gathers a record of many 
remote happenings into one place, of necessity may 
appear to lay undue stress on such failures. It 
would have been well if Mr. Shepherd, or some 
speaker in the discussion which followed the reading 
of his paper, could have given some quantitive 
idea of the relative and absolute importance of the 
causes of breakdown with which he dealt. The 
position which the high-speed alternator now holds 
in industry sufficiently disproves any idea that it is 
not a thoroughly sound and reliable machine. In so 
far, however, as Mr. Shepherd’s paper was a conside- 
ration of mechanical details in the construction of 
turbo-alternators and in so much as it was a plea 
that the mechanical aspects of the matter should 
never be lost to attention, it has all our support. 

We have already said that the false idea of the 
unreliability of the high-speed alternator which 
might be gathered from a consideration of Mr. 





Shepherd’s paper by an outsider was due probably 
rather to the cumulative effects of a recital of 
breakdowns than to any intention on the author’s 
part. @» Unfortunately, however, Mr. Shepherd’s 
collected evidence appears to have so impressed 
himself that he has joined the ranks of his own 
converts and he, too, appears to think that the 
modern alternator is so little to be relied on that it is 
in need of drastic re-designing. Another explana- 
tion of Mr. Shepherd’s opinion may be, of course, 
that he has had more than his due proportion of 
breakdowns. This is very possible. In any widely 
distributed experience there will always be some 
people who have bad luck and some who have good. 
If 1,000,000 people toss for half-pennies, 500,000 will 
lose in the first round. If they toss again, then by 
all the laws of probability about half of the 500,000 
will lose again. If they toss a third time, about 
125,000 will prove to have lost three times, and so on. 
After a dozen tossings, some wretched men will 
have lost 12 times. They will call it bad luck, but 
on no known doctrine of averages could they have 
won. Mr. Shepherd, we must assume, is one of these 
wretched men, and more than his share of break- 
downs have come to his stations. 

Although we believe Mr. Shepherd’s picture 
of the modern alternator contained far too much 
black paint, this is no reason why his proposals for 
a reformed alternator should not be given con- 
sideration. His suggestion briefly is that water- 
cooling should be substituted for air-cooling. The 
first obvious comment on this is that it is going to 
complicate the machine. This in itself would not 
necessarily condemn the proposal, but it is none the 
less progress in the wrong direction. An added 
complication must be able to make a very good case 
for itself before it can be accepted. This, applies 
we think, especially to electrical machinery. An 
alternator, considered mechanically, is a very 
simple device, and it is probable that on that 
simplicity much of its success rests. Some of the 
materials which necessarily go to its making are 
of such quaint properties from a mechanical point 
of view that it is to be feared they might fail 
altogether in a more complicated type of mechanism. 
No one would like to have much mica or shellac in 
the composition of, say, an automatic capstan lathe. 

The added complexity which water-cooling would 
bring to the turbo-alternator could only be tolerated 
if it could be shown to carry important advantages. 
The claims made by Mr. Shepherd for his proposed 
cooling system cover a smaller diameter of rotor 
with consequent reduced centrifugal stresses, a 
lower working temperature with less fire risk and 
longer life and, particularly in the stator, an adjust- 
ment of the amount of cooling in every portion of 
the winding, with a consequent elimination of hot- 
spots. Of these claims we think that of longer life 
is the only one which can be considered to carry any 
important weight. The existing air-cooled alter- 
nator is a working commercial] article, and we do not 
think any of these claims for its proposed competitor 
carry sufficient promise of improvement to constitute 
a serious attack. The question of life is, however, 
an important one. There is apparently nothing in 
an alternator to wear out except the bearings, and 
these apart there is nothing in the appearance of it 
to suggest that it might not run for ever. The 
gradual perishing of the insulation under mechanical 
stress and raised temperature is, however, an 
important consideration in the life of the machine. 
Mr. Shepherd proposes to eliminate one of the weak 
mechanical points of the insulation of the rotor 
winding by carrying the end. windings in slots. 
This might be of value, but it is not necessarily to be 
associated only with water-cooling. The question of 
temperature is a different matter, however, and one 
of Mr. Shepherd’s best points is that his water 
cooling might prolong the life of the insulation. 

Another of what appears to us to be Mr. 
Shepherd’s best points he failed specifically to make 
for himself. This is that the lower temperatures 
resulting from water-cooling should enable con- 
siderably more power to be obtained from a water- 
cooled machine than from a corresponding air-cooled 
one. This effect might conceivably swamp the 
extra cost of the water-cooling installation. Another 
point Mr. Shepherd made was that in certain situa- 
tions suitable cooling air was difficult to obtain. 





This applied to the tropics where the air was hot ; 
to high altitudes where the air density was low; 
to shipboard where the air was salty and to special 
situations where the air was dirty or sulphurous. 
These are fair points, and if water-cooling develops 
we should expect to see its early application to 
such special cases. For the present we do not 
anticipate that it will be seriously considered for 
normal working. It is perhaps unfortunate for 
Mr. Shepherd that so many of the important electric 
power installations of the world are situated in 
countries which are cold in the winter. This 
normally is the time of greatest load so that for a 
very large proportion of users the air is cold just 
when it is so wanted. This makes the present air- 
cooling system for alternators most efficient just 
when it is of greatest importance. 

It will be gathered from what we have already 
said that we do not consider the development of 
the water-cooled alternator a matter either of 
urgency or of immediate probability, at least as 
far as normal service is concerned. This is not to 
say, however, that in some situations it might not 
have advantages, and it is possible that experience 
gained in such situations might lead to its more 
general development. That the problem of its 
design will be a difficult one, however, is well 
illustrated by Mr. Shepherd’s paper. After describ- 
ing his proposed arrangements, Mr. Shepherd says 
“consequently, combining skilful design, stout 
construction and reliable workmanship, one can 
ensure no movement of the coils, no leakage of 
the water devices, and no overheating of the coils.” 
This is no doubt true, but surely it is well to realise 
that these admirable qualifications applied to an 
air-cooled alternator will lead to corresponding 
excellent results. We remember Sir Horace Darwin, 
we think it was, referring to an instrament which 
had been described to him and of which the design 
was so excellent that enormously accurate work 
was necessary in its manufacture if it was to operate 
at all. It was very properly pointed out by Sir 
Horace that such a condition was indicative of a 
bad design, not a good one. It is the same with 
Mr. Shepherd’s alternator. If it is to demand any 
remarkable and exceptional quality of workmanship 
to make it a satisfactory article then the design is 
not good, it is bad. 

In this connection we think Mr. Shepherd is too 
fond of what he terms fusion welding. In reference 
to it he makes the remarkable statement that 
“fusion welding is now an accepted construction 
for the more arduous requirements of high-pressure 
boilers and steam piping.” The only possible reply 
to this statement is that it is not true. In virtue of 
this belief, however, Mr. Shepherd proposes to use 
welding to a considerable extent in his alternator. 
For instance, for cooling his rotor winding, he 
forms the rotor stamping with slots in the teeth 
between the winding slots. When the stampings 
are built together these slots form a water passage, 
and it is closed by welding a strip of metal along its 
open side. Incidentally this procedure connects the 
rotor stamping together magnetically, but, more 
serious as it appears to us, a narrow slot is formed 
which can never be cleaned out properly or got at. 
Another point is that sooner or later, and in some 
installation, water would probably find its way 
between the laminations. We are aware that 
skilful design, stout construction, &c., would prevent © 
this, but Mr. Shepherd’s alternators, if they are to 
be made at all, will have to be made in an imperfect 
world. The whole idea of small water passages 
which can never be either cleaned, or inspected, 
is not very attractive, and we fear Mr. Shepherd's 
design is in some of its aspects chiefly of value as 
illustrating the difficulty of the subject he is tack- 
ling. It is not necessary to pursue this subject 
further at the moment, but in conclusion one may 
raise the question of the effect on the alternator 
of a stoppage of the water circulation. Water 
circulations sometimes do stop in practice. 


LONDON TRAVEL. 

Lorp ASHFIELD (the title taken as a Peer by 
Sir Albert Stanley), speaking at the American 
Luncheon Club on Friday last, told a story very 
different from that we used to have drummed into 
our heads some years ago. Then we were constantly 
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told how low the journeys were in London per head, 
and how far we were outdone by New York in this 
respect. Now we are informed that London is the 
greatest riding city and the fastest travelling city 
in the world. For the change we have to thank 
very largely Lord Ashfield and his predecessor, 
Sir George Gibb, who have taught us to appreciate 
the value of co-ordinated service. We have indeed 
learnt our lesson well, but let us beware lest the 
enthusiasm of these traffic experts leads us to overdo 


Lord Ashfield tells us that the provision of 
facilities provokes new habits of travelling. This 
is a well-known maxim in railway circles, but 
de we want our lives mainly to be regulated for 
the benefit of transport systems? Supposing we 
could on some scale plot facilities against journeys 
per head, the resulting curve would be one of 
increasing slope. In the ultimate the curve would 
go off to infinity, when we would become reduced 
to the restlessness of the molecules of physics. We 
cannot regard this as an altogether pleasant con- 
summation, however much satisfaction the con- 
templation of such an achievement might bring to 
Lord Ashfield and his staff. We have no desire to 
arrive at a stage of incessant movement, at speeds 
vastly greater than those common to-day, at any 
rate until the human frame has undergone sub- 
stantial change. We run the risk of being exploited 
by experts “‘ever reaping something new: That 
which they have done but earnest of the things that 
they shall do.” Let us rather see that our traffic 
men live for us, instead of we for their justification. 

Suppose instead of following our facility curve 
to infinity we are heretical enough to trace it 
backwards, we come inevitably to the conclusion that 
as facilities decrease travelling gradually becomes 
curtailed. In the limit, with no facilities there 
would be no travel, except pedestrian. Then people 
would remain where they lived, and would have to 
earn their living in the neighbourhood. Thus we 
come to the idea of ‘ towns of the outer circle’’ of 
which we have heard something lately. The 
activities of such men as Lord Ashfield would then 
have to find some other outlet. Possibly they 
would turn their attention to the interchange of 
things instead of persons. 

Lord “Ashfield says that in these matters we 
want men of vision and imagination. ‘‘ Your young 
men shall see visions; your old men shall dream 
dreams.’’ Lord Ashfield falls, of course, in the 
former category, and has the advantage of possibly 
living long enough to see some of his ideas realised— 
or his views changed. The visions of men vary 
with their point of perspective. The writer of the 
Apocalypse had visions of a city with streets of 
pure gold, as it were transparent glass, which now 
seem immeasurably distant, with gold so scarce that 
its existence is apt to be forgotten. The material 
side of Sir Thomas More’s vision of Utopia was 
laid on a less splendid scale. In his fair cities he 
was satisfied with streets only 20 ft. wide, which 
he considered “‘ very commodious and handsome.” 
Lord Ashfield, whose very existence must be justified 
by an increase of traffic on our streets and railways, 
has now also “ dipt into the future far as human 
eye can see”? and seen “the vision of the world, 
and all the wonder that would be.” His mind runs 
on @ rapidly-increasing number of underground 
railways and vast underground roads for motor 
traffic. If we asked an engineer interested in 
aeronautics what his views might be he would 
probably refer us to Tennyson’s “pilots of the 
purple twilight.’’ And so on. 

Let us by all means have men of vision and 
imagination, and let them also have courage to 
break away if possible from the present trend. 
After all, more railways and underground roads, 
are little else than developments of our present 
system, and realisable only at constantly greater 
expense. Tube railways are notoriously expensive 
to build, and, with the network now existing still 
further complicated, the depth would have to be 
greatly increased for additional services. The same 
applies to underground motor roads which would 
in consequence require impracticably lengthy 
approaches. 

Can we not do something better than this? 
Would it not lead to healthier living if we could 





get our men of vision and imagination, not to con- 
centrate so much on getting more and still more 
traffic into and through central London, but to 
tackle the radical problem of whether this h 
concentration during business hours codenteties 
improved upon. As it is, there is an enormous 
amount of quite unnecessary traffic. Many of the 
shops could equally well be situated in the outskirts. 
People can buy their tobacco or ties just as easily 
before catching their morning train as after arrival 
at their city destination. Every shop in London 
means assistants, amounting to thousands in the 
case of big stores, crowding trains already over- 
taxed, and, in addition, a good many journeys 

y undertaken by purchasers. All these 
might be saved. If the work were situated in the 
outer circles, the concentrated crowds of to-day 
would cease. We would not need to weary the 
human frame with a long and uncomfortable 
journey before and after the completion of our 
business. Our sports would be nearer hand and, 
having done our tasks, we could turn to our relaxa- 
tion more quickly and with a less exhausted body. 
Here is a fertile field for our men of vision. Mere 
developments will no longer serve us. Something 
more basic is wanted to provide relief. The 
ever and ever-growing daily concentration, whether, 
as now, a condition of unrelieved discomfort, or 
rendered by the continued effort of men like Lord 
Ashfield, comfortably feasible, is not the best 
solution for a healthy metropolis. Why not grasp 
the problem firmly and see if something cannot 
be done to reverse the present tendency. Instead of 
everybody rushing “up to town” and leaving the 
outskirts all day to the children and housekeepers, 
the better thing would be for people to have their 
work brought nearer to them. Then it would not 
matter to how great an extent London expanded, 
whereas now we are fast reaching conditions verging 
on the impracticable. ‘“‘The clock beats out the 
little lives of men,” and to each man only one. 
Let it be ours to see that in the future, if 
possible, they are passed in better conditions. 
The time now spent in getting to and from work is 
so much sheer waste out of a lifetime. The traffic 
people are making laudable attempts to reduce it to 
a@ minimum, so far as in them lies. How much 
better it would be if we could to a substantial 
extent make the lose unnecessary. 





LOW-TEMPERATURE STUDIES. 

Wits the new session of Friday discourses, 
which were opened last week on January 16, the 
Royal Institution returned to the pre-war hour of 
9 p.m. During the war the Friday discourses had 
commenced at 5.30 p.m. As in many previous 
sessions, Sir James Dewar, F.R.S., delivered the 
first discourse. Introducing his subject, Sir James 
remarked that, when he had commemorated the 
Coming of Age of the Vacuum Flask, in his discourse 
of January, 1914, he had hoped soon to report on 
further progress in that field—in which Sir James 
naturally retains a personal interest. All that hope 
had gone during the last few years; the difficulties 
of the general position had become too great, the 
cost of low-temperature research was five times 
what it had been, and he would have to limit 
himself to special aspects of low-temperature research 
in his discourse. 

The first experiment shown by Professor Dewar 
characterised his particular subject. A spherical 
bulb of glass, filled with liquid oxygen, was placed 
in front of the lantern serving as lens for the are-light 
beam ; a piece of black paper was held near the 
focus of the lens; the paper almost immediately 
began to smoke, showing that the heat rays were not 
stopped by the liquid oxygen, in spite of its low 
temperature of —190 deg. C., as was indeed to be 
expected. When a thin membrane of india-rubber 
was interposed between the bulb and the paper, 
the paper was still burnt. Thus both the liquid 
oxygen and the thin membrane were permeable 
to the arc rays, and, as the subsequent demonstra- 
tions proved, also to dark heat rays. The effect of 
cold on rubber was known to be peculiar; rubber 
contracted when heated, and expanded when cooled. 
Professor Dewar demonstrated this by an old 
experiment of his. He had a rubber balloon filled 
with water; when the balloon was pricked with a 





sharp needle, the pressure of the stretched rubber 
forced the water out in a fountain. When hot 
water was poured on the balloon, the fountain rose 
higher, because the rubber contracted. That 
contraction would, under ordinary conditions, distort 
a stretched membrane and make it pucker. If 
cooled slowly and uniformly, however, a thin 
membrane would practically remain plane, and such 
a membrane might be utilised in a thermoscope 
within liquid air. The behaviour of these mem- 
branes had first to be studied, however. Examining 
the distortion effects caused by placing loads on very 
thin membranes, Sir James showed, with the aid 
of a U-tube pressure gauge, that membranes cooled 
with liquid air were only distorted half as much as 
when at ordinary temperature. The curves exhi- 
bited proved that the distortion increased regularly 
with the load both at + 11 deg. C. and —190 deg., 
but was much smaller in the latter case; for his 
purposes, Professor Dewar said, a distortion of 
0-001-inch would spoil a membrane. Thus the cold 
made the membranes stronger and further imp2rme- 
able to gas. A thin membrane, which allowed air 
to diffuse through into a vacuum on its other side 
at the rate of 2 cub. cm. per sq. cm. per day at 
ordinary temperature, would not allow 1/10,000 of 
that amount to percolate at the temperature of 
liquid air, and in liquid hydrogen the membrane 
was practically gas tight. But membranes might 
work splendidly for days and weeks and then fail. In 
the thermometer to be described, however, charcoal 
was the real material, and the membrane served only 
as part of the devices indicating the gas pressure. 

Charcoal had the valuable property that it 
adsorbed gases at all temperatures and liberated 
them again when heated; the gas pressure would 
then rise, and that was the thermometer effect 
utilised. To make the effect strictly reversible, the 
charcoal should be saturated at constant pressure. 
It was further necessary to have one pure gas, 
because charcoal would adsorb mixed gases, but 
would not liberate the constituent gases in the same 
proportion. Thus, when charcoal was saturated 
with air and then heated, the gas liberated was 
stronger in oxygen than the gas adsorbed. When the 
charcoal was charged with oxygen, and then exposed 
to a current of hydrogen, the liberated gas would 
contain both the elements, and if the first gas were 
nitrogen (instead of oxygen) the preponderance of 
hydrogen in the liberated gas would be very marked. 

The new thermoscope, which Professor Dewar 
then described, was a vertical tubular vessel filled 
partly with liquid oxygen, in which a small mass 
of charcoal was kept in a cell, which was covered 
by the membrane. The top of the membrane was 
exposed to the radiation to be investigated coming 
from above, when a metal lid or trap-door, resting 
on the ring mounting of the membrane, was lifted 
by means of a small chain from outside. There 
would be about 5 cm. of liquid air above the cell, 
and the radiation had first to penetrate through this 
oxygen and the membrane before it reached the 
charcoal ; a metal tube of small diameter connected 
the cell with the U-pressure gauge outside. The gas 
adsorbed by the charcoal was oxygen, and that 
oxygen had to be pure. The tubular vessel in which 
the oxygen was contained was provided with a 
vacuum jacket, and was itself suspended in another 
vacuum-jacketed tube charged with liquid air. The 
radiation to be tested passed down the upper portion 
of the oxygen tube, which contained only oxygen 
vapour and was lined inside with black paper in 
order to avoid any scattering of the radiation by 
reflection. The liquid oxygen must be clean, #.c.. 
free of dust, of ice crystals (moisture) and of carbon- 
dioxide snow for the same reason. To effect this 
cleaning, the oxygen was stirred with a quartz rod 
which became highly charged electrically at the low 
temperature ; a crystal of uranium nitrate could be 
used for the same purpose. 

The membrane itself was very fine; it was 
stretched over the cell wall, a brass ring, about 
4cm. in diameter. The middle of the cell was taken 


up by less than one gramme of charcoal, which was 
supported on a piece of chiffon (silk gauze) out of 
contact with the brass ring. The charcoal surface 
was about 1 sq. in. Above the membrane the cell 
ring supported a stage of sheet metal, provided with 
a central aperture. The body to be examined was 
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placed on this stage, and was protracted by the 
trap door mentioned, until the door was raised. It 
will be understood that the specimen, as well as the 
whole cell, would generally be immersed in liquid 
oxygen, and the transmission of heat rays through 
various thicknesses of liquid gases had hence to be 
studied. Some experiments were also made with 
the cell in the gas above the liquid, but Professor 
Dewar’s curves showed that, though the rise of gas 
pressures was much greater when the whole cell was 
entirely in the gas, it took a longer time—several 
minutes—to establish equilibrium conditions, whilst 
some of the experiments conducted with the cell 
quite submerged occupied 20 seconds only. 

The slides shown proved that the pressure of the 
liberated gas rose, in gases and liquids at different 
temperatures, with time in regular curves, rapidly 
at first, then slowly, and descended again rapidly 
at first on shutting off the radiation. The sensitive- 
ness of the method wasextraordinary. Temperature 
changes of half a thousandth of a degree Cent. could 
be detected by this method. Working in his 
laboratory at a uniform, rather low temperature, 
Sir James found that when the door was raised, the 
heat of the room caused his manometer to rise by 
about 3em. When, in the course of the lecture, he 
brought a Leslie.cube containing steam near his 
novel thermometer, the dark heat rays from the 
black surface of the cube sent the manometer up 
three times as high; the polished side of the cube 
produced a very much smaller rise. 

The radiated energy to which these effects were 
due increased according to Stefan’s law with the 
fourth power of the temperature. Exhibiting the 
curves of Lummer and Pringsheim and others 
exemplifying the distribution of the energy of 
radiation in the spectrum, Sir James pointed out 
that at — 80 deg. C. the curve was flat, and extended 
all over the spectrum with a hardly-pronounced 
peak near 15, while with higher temperatures the 
curves became much more peaked, and the peaks 
shifted more and more over into the ultra-violet. 
When, however, a specimen, say a quartz plate, 
was placed on the stage in order to see how much of 
the radiated energy passed through the specimen, 
another effect had to be considered: part of the 
rays would at once be reflected by the surfaces of 
the specimen, so that the energy transmitted 
through the specimen (at the low temperature of 
liquid oxygen) could not be calculated directly 
on the amount of energy emitted by the source of 
heat. Now according to Fresnel’s law, the reflection 
at a plane surface increased as the refractive index 
of the substance increased, though there was pro- 
portionality between the two effects. Studying 
these relations and plotting the percentage of 
reflected energy as ordinate against the refractive 
index as abscissa Sir James obtained similar curves 
for ordinary air and liquid oxygen, but the reflection 
was much smaller in the denser, more refractive 
liquid than in the gas. 

Coming to his results Sir James rapidly exhibited 
a series of slides exemplifying the amount of radia- 
tions, of different temperatures, which were trans- 
mitted through various materials, including a large 
number of organic compounds, when examined in 
liquid air. Every material was, of course, trans- 
parent if of sufficently small thickness. But water 
was comparatively opaque to dark rays, and 
celluloid likewise, whilst collodion films and soap 
bubbles were perfectly transparent, more than air. 
Materials like quartz, glass, rock salt, were studied 
in plates of various thickness or powdered and 
compressed ; compounds like silver chloride were 
rolled out in sheets; organic compounds were 
studied in the frozen condition or as films between 
thin plates. The source of heat was a kind of 
Leslie cube—in order to make the radiation as 
black as possible. With respect to this point Sir 
James had other curves to show — containing 
materials at temperatures ranging from —80 deg. 
C. (solid carbon dioxide snow) up to +100 deg. C. 
and higher. In the case of rock salt the following 
results were obtained, the percentages indicating 
the amount of radiation transmitted by the sub- 
stance at temperatures of liquid air: polished, 
thickness 2 mm. or 0-5 mm., 90 per cent. ; ground 
fine, then compressed at 50 tons per square inch, 
70 per cent. ; the same, moistened with brine, 30 
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per cent. ; precipitated with alcohol to obtain very | 


fine particles, which were dried and compressed, 
51 per cent.; the same moistened with brine, 18 
per cent. Under conditions when water (ice) was 
quite opaque, dry hydrochloric acid transmitted 
10-6 per cent. of the radiafion received, sulphur 
dioxide 20 per cent., ammonia 4 per cent., methyl- 
ammonium 8 per cent. (ethylammonium was much 
more transparent), carbon tetrachloride 33 per 
cent., carbon oxy-chloride COS, 53 per cent., phos- 
phorus 76 per cent. These figures were uncorrected 
for losses by reflection. In the case of iodine, which 
was a good reflector, the transmission observed was 
38 per cent. ; corrected for reflection it amounted 
to 63 per cent. The hydrocarbons pentane, 
hexane, decane, &c., transmitted the heat well 
(40 per cent. to 80 per cent.); naphthalene trans- 
mitted only 19 per cent., camphor 9 per cent., 
benzene 49 per cent.; nitrogen compounds, pryidine, 
quinoline, &c., gave in general low values, and 
the substitution of hydrogen by nitrogen radicles 
generally lowered the values in organic compound, 
whilot the introduction of chlorine tended to raise 
them. Even ammonium satls like the bromide 
differed in this respect strongly from alkali salts like 
rock salt. Isomeric organic compounds showed 
very marked differences in their transmission of dark 
heat rays. As regards the silver halides it was 
interesting that increasing thickness of the plate 
little affected the high values: AgCl gave 84 per 
cent. transmission for 1 mm. and 85 per cent. for 
0-15 mm. plates; AgB r of 0-6 mm. or 0-1 mm. 
gave 82-5 per cent. and 86 per cent. Mr. W. J. 
Green, B.Sc., and Mr. J. Heath assisted in the de- 
monstrations. 

In his concluding words Sir James referred to 
the origin of the Friday discourses, about which he 
had been asked. They had been introduced by 
Sir Joseph Banks, for many years president of the 
Royal Society, who had allowed members of the 
Royal Institution to attend in the Royal Society 
on those occasions. In the Royal Institution 
Faraday had inaugurated the discourses in 1826 
with a lecture on caoutchouc and rubber, a sub- 
ject cognate to that of his own discourse, Sir James 
Dewar remarked, and Faraday had then stated that 
the discourses should be : interesting, amusing, and 
instructive, the lecturer dealing with scientific 
research and abstract reasoning in a popular way, 
with dignity, to attract the world and making him- 
self attractive to it. 





THE POLICY OF THE MINISTRY OF 
TRANSPORT. 

OccasIonaLty there is a slight pulling aside of the 
curtain hiding the policy of the Ministry of Trans- 
port, now being formulated by Sir Eric Geddes 
and his coadjutors as a consequence of the passing 
of the Transport Act. At Cambridge, on Tuesday, 
Sir Eric gave some suggestion of his views regarding 
competition, which must be read in the light of the 
question of possible nationalisation. His view was 
that amalgamation territorially was right, but 
amalgamation for .inter-system competition was 
wrong. In other words, wholesale competition 
between companies with the same traffic without 
any creative interest between lines was wrong. 
This led to favouritism, special discrimination, 
costly working, unremunerative labour and capital 
expenditure, and, while favoured consigners gained, 
others paid. The idea rather was that the railways 
should compete in developing the districts they 
served rather than in trying to filch traffic from each 
other. In order to obviate amalgamations becoming 
oppressive, and to prevent the absence of com- 
petition unduly curtailing facilities, there was need 
for a reviewing authority with power to order 
adequate and reasonable services and converiiences. 
Obviously the Ministry of Transport would con- 
stitute such a reviewing authority. 

Sir Philip Nash, who is Director of Railways at 
the Ministry, has also been putting forward views 
on some of the working problems of the railways, and, 
regard being had to his position, these views must be 
accepted as indicative, at least, of the line of thought 
of the Ministry. His observations were confined to 
three important developments. The first had 
reference to terminals, not only in towns but at 
ports, and he very properly pointed out that there 








was great need for a large increase in” 
machinery ; he preferred, for{diplomatic reasons, 
to call it labour-aiding rathergthan labour-saving. 
We. have, in EncrIvzERING, illustrated developments 
in this direction made notably at the Lancashire 
and Yorkshire port of Grimsby and at one of their 
distributing centres in Manchester, and, in view 
of the cost of labour, financial advantage must 
accrue from such developments, apart altogether 
from their influence in overcoming the present 
congestion and on the railways holding-up of 
wagons. The second point raised by Sir Philip had 
reference to the necessity for increased capacity of 
wagons, the gain from which is_ self-evident, 
especially in connection with mineral traffic. The 
third point was the desirability of electrifying the 
lines. The whole of the electric system the 
country has been passed from the Board of Trade 
to the Ministry of Transport, so that Sir Eric 
Geddes and his staff will now be able to accumulate 
data in order to formulate their policy. 

The occasion of Sir Philip Nash’s speech was the 
dinner of the past and present Crewe men, held on 
Friday, the 16th inst., and Sir John A. F. Aspinall, 
the consulting mechanical engineer to the Ministry, 
who presided, expressed his complete concurrence 
with the view that electrification for suburban traffic 
must confer great advantage, but was inclined to the 
opinion that the case had not been made out so 
clearly for the long-distance trains. Mr. H. N. 
Gresley, of the Great Northern Railway, was much 
more decided in this latter view, and thought that 
the highest degree of efficiency and power in the 
steam locomotive had not yet been reached. The 
difficulty, he contended, was with the load admissible 
per axle—owing to the strength of permanent-way 
and bridges. In America 30 tons was allowed 
per axle, and if this could be reached, or even 
approximated to, in this country the steam loco- 
motive could be made enormously more powerful. 
Another difficulty, we may add, is the limits of the 
loading gauge, also a question for the civil engineer. 
Mr. C. J. Bowen Cooke, of the London and North- 
Western, added one more item connected with the 
policy of the Ministry in contending in favour of the 
professional side of railway und ings receiving 
more consideration at the hands of the Government 
when they were revising the rates of remuneration of 
the personnel of the s 

We may add that the dinner was a great success, 
110 members being present, and one interesting 
incident was the presentation to Mr. A. H. Hernu, 
who for thirty-seven years had been honorary 
organiser. He is now succeeded by Captain Reginald 
Terrell, M.P.; who is to be congratulated on 
Friday’s function. In his speech he strongly 
accentuated the importance of esprit de corps in 
developing efficiency, and incidentally also added 
one note with reference to the rt policy. 
The Joint Advisory Committee which the Govern- 
ment has set up in connection with the railways has 
not a single locomotive engineer on it; this is 
surely an omission which ought to be remedied. 





NOTES. 
THe Spevrer Srrvation. 

In 1913 the spelter produced in the world 
amounted to about 982,000 tons, the United States 
having produced 32 per cent. of this quantity and 
Germany 28 per cent. While we produced only 
6 per cent. we consumed no less than 23 per cent. 
of the world’s ‘production. In 1919, acco: to 
the Journal of the Society of Chemical Industry, 
the world’s production was only about 520,000 tons. 
Of this the United States had produced 410,000 
tons, while our share had only amounted to 20,000 
tons, the output being limited by shortage of ore, 
and labour troubles. In the last year we had to 
import over 94,000 tons, and unless more plants 
are erected we shall continue to be dependent on 
foreign production. The price is now about twice 
what it was in 1914. As regards treatment of the 
ores the flotation process has practically superseded 
electromagnetic separation, and finer crushing is 
in consequence in vogue. Electrolytic precipitation 
has not met with much success, though it has been 
adopted for new plants in Tasmania, Canada and 
the United States, in every case cheap power being 
available. Electric furnace reduction has made 
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good progress in ‘Norway, ‘Gweien and France, 
where cheap power is available. Mechanical 
furnaces are replacing hand-rabbled furnaces with 
good results, both as regards labour costs and coal 
consumption, while the more even supply of the 
sulphur fumes is found an advantage in the working 
of the sulphuric acid plants. It is stated that 
whereas before the war from 14 tons to 15 tons 
of coal were needed to reduce 10 tons of ore, in a 
modern plant the same amount of work can be 
accomplished with 8 tons of coal. The furnaces 
in this case were built with counter-current recu- 
perators without reversing valves. Weighing, mix- 
ing, transportation of the charge to the furnaces, 
charging, &c., are all now done by machinery. 
With machine charging the operation is reduced by 
about 2 hours compared with the old system. The 
review of the situation concludes that the industry 
can be carried on profitably in Great Britain 
provided modern methods and machines are 
adopted, and that there need not be any fear that 
there will be no market for the product. 


Tue LiverPoot SEcTION oF THE INSTITUTION OF 
ELEOTRICAL ENGINEERS. 

The inaugural meeting of the Liverpool Sub- 
centre of the Institution of Electrical Engineers was 
held on Monday evening last, in one of the lecture 
theatres of Liverpool University. The chairman 
of the new sub-centre, Professor E. W. Marchant, 
presided, and delivered an address, in which he 
stated that it had been found that Manchester, 
the headquarters of North-West Centre, was some- 
what too far from Liverpool to make it convenient 
for members residing in the latter area to attend the 
meetings of the society, and hence it became 
desirable to organise a local sub-centre. Liverpool, 
he pointed out, possessed one of the largest factories 
in the country for the manufacture of telegraph and 
telephone instruments, its shipping gave it a special 
interest in wireless telegraphy and important cable- 
making and electrochemical industries were deve- 
loped in its neighbourhood. With respect to the latter 
he said that one of the principil undertakings had 
originally installed a number of large gas engines 
of German make for generating the current they 
required. In subsequent additions to the plant, 
however, steam turbo-generators have been installed, 
although the load factor being nearly 100 per cent. 
enabled the most to be made of the high thermo- 
dynamic efficiency of the internal-combustion engine. 
The reason given is that the turbines require much 
less labour, and the saving in this respect was 
sufficient to offset the higher fuel economy of the gas 
engines. Professor Marchant also drew attention 
to the great number of students which, since the 
conclusion of the war, have crowded the class rooms 
of our technical colleges, and recalled the fears that 
have at times been expressed as to the possibility 
of absorbing in the engineering undertakings of the 
country such large numbers of trained men. So far 
as electrical engineering is concerned, the speaker 
was confident that such fears were unfounded, 
since he believed that the next few years would see 
an enormous increase in the development and use 
of electrical power, both at home and abroad. 
He suggested, further, that many might be attracted 
to the commercial side of engineering work, which 
would benefit considerably by a strong infusion of 
well-trained engineers. 

University CoLtiece, Lonpon. 

We are glad to note that University College, 
London, which established the first School tof 
Engineering in the Metropolis in 1828, is fully alive 
to the necessity of adding to its resources in order 
to keep abreast of the times and providing the most 
modern instruction and ejuipment for the young 
men who will eventually become leaders in their 
profession. In view of the necessities of the case 
there ought to be no difficulty in providing the sum 
of 100,0001. which is required to carry out the 
extension and re-equipment which the _ times 
demand. It is only right that our young engineers, 
especially those who have borne the brunt of the 
war, should have every opportunity of acquiring the 
best possible education. The needs of this country 
make such training a vital necessity since engineering 
ability is an essential factor in practically all the 
main industries in which we compete with other 





nations for world trade. This country must, yo 
all things, produce the educated brain power re- 
quired for guiding and directing our great engineer- 
ing trade. We cannot expect to do this with third- 
rate resources and equipment, and it is clear that 
America recognises this, since private benefactors 
there are giving millions of money with the patriotic 
motive of providing their young men with the best 
educational facilities that can be secured. We are, 
as we have said, therefore glad to note that this 
appeal for funds to carry on so vital a work has 
commenced very auspiciously with a gift of 10,0001. 
from Lord Cowdray, with a promise of a like sum 
when 70,000/. has been reached, while in addition 
to other substantial gifts members of the family of 
the late Mr. Charles Hawksley have contributed 
3,0007. towards a development of the Hydraulic 
Laboratory to be associated with his name. Sub- 


stantially 30,0007. has already been given, and it is ? 


hoped that the remaining 70,000/. will be quickly 
subscribed. In an early issue we propose to describe 
the proposed extensions and to deal with the work 
of this School of Engineering which has in the past 
played so great a part not only in engineering 
education, but also in advancing the boundaries of 
engineering science. 


Tue James Watt LECTURE. 


The James Watt anniversary lecture at the Watt 
Institution, under the auspices of the Greenock 
Philosophical Society, was delivered on Friday 
evening last by Professor C. G. Barkla, F.R.S., 
who took as the text of his discourse the remarkable 
discoveries made during the past twenty-five years, 
in regard to the constitution of the chemical atom. 
Sir J. J. Thomson—“ the greatest scientific genius 
of modern times ’’—was, he observed, the first to 
prove that electricity could exist apart from matter, 
by demonstrating that the cathode particles in a 
vacuum tube had masses only =, Of the mass of the 
lightest known atom. Since = le the lecturer 
observed, these electrons had been obtained from 
matter in many different ways, viz., by the action 
of heat, by bombardment with a or 8 rays, by 
exposure to ultraviolet light, or to X-rays; whilst 
in the case of the radioactive elements, the electrons 
were spontaneously emitted. It thus appeared, the 
lecturer said, that the electron was a constituent of 
all matter. It was, moreover, the same with all 
radiation, whether it was the Marconi wireless waves 
generated by the surging of electrons up and down 
the antennz at a signal station, or the X and gamma 
rays generated by the extremely rapid oscillations 
of electrons inside the atoms themselves. It was 
interesting, Professor Barkla continued, to note that 
the best reflectors of light were the best conductors 
of electricity, because both qualities were due to the 
presence in the reflector or conductor of large 
numbers of “free” electrons. Whilst negative 
electricity had, as stated, been found in the free 
state as a cathode particle, or electron, nothing 
similar had been observed in the case of positive 
electricity, which was never found associated with 
any mass less than that of a hydrogen atom. It had 
accordingly been suggested that the atoms consisted 
of a uniform sphere of positive electricity, having 
embedded in it large numbers of electrons. On this 
hypothesis the whole mass of the atom would reside 
in the electrons. It had been proved by the speaker, 
however, on measuring the scattering of X-rays 
by material bodies, that the number of electrons 
present in an atom was, in general, small, being one 
in the case of hydrogen, and six in that of carbon, 
and so on, and Rutherford, from other experiments, 
had concluded that the actual number of electrons 
present in an atom was about half of the atomic 
weight, and that the positive charge instead of being 
diffuse was most highly concentrated into the 
nucleus of the atom. The atom is accordingly now 
regarded as consisting of a few specks of electricity 
separated by spaces vast in comparison with their 
own dimensions. Hence what was called a solid 
body was, the lecturer said, nearly all empty space, 
This theory received support from radioactive | f°™ 
phenomena. When a radioactive body broke up, 
the « particles were hurled out at a very high 
velocity, and it was found that they could pass 
through tens of thousands of other atoms without 
being much deviated from their course. Only in 


rare cases was there a violent collision, and this 
indicated what a very small space the colliding 
particles really occupied. In recent experiments, 
Rutherford had found that when an a particle 
did collide with the nucleus of a nitrogen atom it 
knocked out of this nucleus a hydrogen atom. Hence 
there was evidence that we had here the means of 
transmuting apparently stable elements. 


PETROLEUM AND THE PRODUCTION OF 
HELIvM. 


In our issue of May 2, 1919, page 574, we gave a 
summary of the work of the United States Bureau of 
Mines on the Extraction of Helium from Natural Gas, 
following in the main the address on the subject 
which Dr. F. G. Cottrell delivered at New York when 
receiving the Perkin medal. The recent pamphlet 
n “ Petroleum Investigations and the Production 
of Helium,” by Dr. Van. H. Manning (Bulletin 178c, 
being part of the advance sheets of Bulletin 178 
of the Bureau), does not carry the matter further as 
regards technical particulars, but gives an account 
of the somewhat chequered history of the technical 
researches and briefly notices the actual condition 
of the helium plants. The occurrence of helium in 
natural gas was first communicated to the American 
Chemical Society in 1907 by H. P. Cady and D. F. 
Macfarland. The Bureau of Mines became, in 
1916, interested in a new air separation process of 
F. E. Norton, of the Massachusetts Institute of 
Technology, and E. A. W. Jefferies, the primary 
object of this process being the production of oxygen 
for air blasts. The suggestion of filling airships 
with helium came from England, as we stated on 
the former occasion. The Bureau first placed 
the helium researches in charge of G. A. Burrell ; 
but the personnel underwent frequent changes until 
Dr. Manning, the director of the Bureau, took charge 
himself. _Contracts were made with the Linde Air 
Products Company and the Claude Air Reduction 
Company for the first two works, which were known 
as Argon [not Helium] Plants No. 1 and 2; the 
actual construction was done by the Army Corps 
and the Bureau. These plants were completed in 
March and May, 1918. Plant No. 3 (Norton) was not 
started before April, 1918, because both the Navy 
and Army had originally opposed the Norton 
scheme. Another helium plant also projected, by 
the B. S. Lacy process, was dropped. Plant 1— 
and later also Plant 2—was able to produce helium of 
92-5 per cent. purity, which was stored in steel cylin- 
ders containing 200 cub. ft. of gas under normal con- 
ditions at a pressure of 2,000 lb. per square inch ; 
750 of these cylinders were ready for shipment at 
New Orleans when the armistice was si and 
were then returned to the works at Fort Worth, 
Texas. After long discussions between the various 
departments it was decided, in January, 1919, to 
shut down both the Linde and the Claude plants, 
but to allow the latter company to continue opera- 
tions for three months on its own account. Plant 3 
(Norton) was permitted to go on with a new grant 
in April, 1919, as the process seemed to promise the 
yield of a helium of the highest purity; the actual 
purity reached at that time was, however, only 
21 per cent. according to the Bulletin, and that 
figure does not appear to be a misprint. The 
Bulletin also deals with Petroleum Investigations 
as we mentioned, and particularly with specifications 
for motor fuel, including aircraft fuel. It also 
treats of gasoline recovery and refinery, oil and gas 
production and with laboratory tests. 
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have come to hand. Messrs. John O. Thornycroft and 
showing large a smal) Thornycroft vessels in a North 
Sea A calendar from the British 
Rawhi Belting 

N.W. 10; @ monthly calendar from Messrs. 

Limited, Leicester, illustrating 

machine tool manufacturers, Coventry ; a desk calendar 
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Chemistry in the University of Liverpool. Second 
edition, Three volumes: Vol. I. Kinetic Th ; 


Vol. 2. Thermodynamics [prices, 158. each, net); 
Vol. Quantum T' . London : Longmans, Green 
and Cos duce Vols. I and Il, 16s. each; Vol. Ill, 
7s. 6d. net 


Tue second edition of Professor Lewis’ “ System of 
Physical Chemistry” is not announced as a revised 
and enlarged edition, though it might be described 
as such with more right than many a modern edition 
which especially claims to have been thoroughly 
brought up to date. There are plenty of references 
to the years 1917 and 1918; several new sections 
have been added to the work, and the third part 
of the second volume (of the first edition) has grown 
into a third volume. The first, 1916, edition of thie 
work was reviewed in our issue of December 8, 1916. 
A slightly larger size, and the adoption of another 
type further make the three new volumes of a 
larger compass than the former two volumes. 

The additions in volume I are chapters on the 
X-ray examination of crystal structure, the pro- 
perties of the colloidal state, the dissociation of 
ammonium chloride, the dual theory of catalysis 
(originated by Senter and by Acree), the displace- 
ment effect (the effect on the velocity of reaction 
of gradually displacing one reactant by another in a 
bimolecular solution), and Langmuir’s theory of 
evaporation, condensation, adsorption and hetero- 
geneous reaction velocity and catalysis. Langmuir 
described this theory as an extension of Bragg’s 
work upon crystal structure to chemical processes, 
and his forces are all chemical. One would have 
expected that stress would in general be laid on 
the residual affinities possessed by the atoms in the 
surface layer, which is assumed to differ from the 
interior of a substance ; but this consideration is 
not developed. 

The chapter on crystal structure and X-rays is 
disappointing, in one respect. It confines itself to 
the work of W. H. Bragg and W. L. Bragg; that 
would be sufficient, if the usual literature references 
were given, in which Professor Lewis generally 
excels; but Laue’s name is just alluded to, there 
is no reference to the varied work of his collaborators, 
and nothing is said about the important researches 
of Broglie, Debye, Scherrer, and others. The 
omission is probably to be ascribed to the general 
limitations imposed upon the author by expediency 
and the consideration that other volumes of the 
Text Books of Physical Chemistry—to which series 
this work belongs—are devoted to special domains 
of Physical Chemistry. Valency, isomerism, isoto 
as well as chemical engineering problems such as 
water-gas production, remain excluded, and the 
chapter on affinity (in volume IT) treats the problem 
from the thermodynamic standpoint. The additions 
to this volume concern the mechanism of osmotic 
pressure (too much limited to F. Tinker’s stand- 
point, it be objected), and the modern theory of 
dilute solutions of electrolytes (after G. N. Lewis 
Bates and other American workers). 

In the third volume, dealing with Considerations 
based upon the Quantum Theory, Professor Lewis 
does not adhere to his original attitude towards 
experimental material. The theoretical concepts 
of which he made use in his first two volumes, he 
points out, have become classical ; and his treat- 
ment resolved itself into a brief account of principles 
followed by a systematic application of these 
principles to characteristic of systems 
which had attained equilibrium or were i 
towards ibrium. The underlying ideas of the 
quantum have not yet been fully accepted, 
at least not in their present form; the physical 
significance of a quantum of energy or a quantum 
of atom is still vague. Professor Lewis quotes 
Professor Bragg: “ Planck’s h esis is not so 
much an attempt to explain as a focussing of all the 
difficulties into one ; so that, if this master difficulty 
18 overcome, a number of others melt away.” 
Professor Lewis exposes the general considerations 
which forced the quantum idea on Planck and 
Einstein in connection with a review of researches 
which were especially carried out or resumed for the 
purpose of testing the theory. His first two 


pes, | main portion’ of the energy is in the infra red. 
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volumes having been headed Kinetic Theory and 
Thermodynamics; the third might be headed 
Statistical Mechanics. We have to deal, he explains, 
with essentially molecular processes in terms of 
molecules ; we cannot trace the individual molecule 
in a gas, and have hence to deal with averages by the 
theory of probability of Maxwell and Boltzmann 
and the method of statistical mechanics. That the 
second law of thermodynamics has a statistical 
basis was shown by Boltzmann. Heatis re ted 
by the kinetic energy of the molecules. If we start 
with a gaseous system, the molecules of which are 
in an ordered condition, the molecular collisions 
tend to reduce that condition to disorder and to 
maximum “mixed-upness.” Work can be con- 
verted into heat, but heat cannot com y be 
converted into work, because ordered motion tends 
to become disordered. The motions may be of 
three kinds, translational, rotational and vibrational 
—this last motion requiring a restoring force. Each 
of these types of motion has its own degree or 
degrees of freedom, and according to Maxwell and | theorem, and of photoelectric effects (J. J. Thomson, 
Boltzmann the average kinetic energy is equally|Tate and Foote) and photochemical equivalence 
distributed among the various of freedom, | (already alluded to). These and other researches 
That law of the “equipartition of ” was|are reviewed at some length. Three appendices 
reluctantly accepted by many scientists ; as late as | (taking up a quarter of the volume), compiled by 
1900 Rayleigh pleaded for some means of escape | Professor Lewis’ colleague at Liverpool, Mr. James 
from the destructive sim of its general | Rice, M.A., further deal with Maxwell’s Distribution 
conclusion, though that might involve repudiation | Law and the Principle of Equipartition of Energy, 
of some of Maxwell’s fundamental tes.|the Foundations of the Quantum Theory and 
Planck broke with the equipartition principle in| Kriger’s Theory of Gyroscopic Molecules (1916), 
1901. The embodiment of these sections, which partly 

uipartition implies an interchange of energy | follow different lines of argument, testifies to 
heen edie and ser in a continuous Pte Professor Lewis’ breadth of view. F. Kriiger, as 
and in any quantity. Max Planck suggested that | Professor Lewis generally explains in his section on 
the exchange could take place only in steps and in degrees of freedom, substitutes precessional rotation 
multiples of a minimum quantum e. The further | for true molecular rotation. For the simple nucleus 
suggestion, that radiant energy itself has a structure, | ®® ®Xis of rotation is insignificant. When the atom 
is due to A. Einstein, and this h Professor | Consists of nucleus and electrons, and the molecule 
Lewis remarks, was given a physical basis by J. J.|°f ®toms, themselves gyroscopes, collisions will 
Thomson's radiation unit of a tube of force. ik | Sive rise to precessional rotations—a very important 
mainly wished to explain, in the first instance, the | S¥ggestion for the interpretation of the phenomena 
mode of emission and absorption of radiant energy. | °f monatomic gases and of spectra in general. 
If the ether were structureless, endowed with an| , The quantum hypothesis is pervading all domains 
infinite number of degrees of freedom and capable | °f Physical and chemical theories. Our readers may 
of propagating all waves of any lengths, the ether | member that, like Bohr, Sir J. J. Thomson, in his 
would take up all the energy, leaving none to| Royal Institution lectures of last spring, applied it 
matter. If the ether had a structure and a finite | © his views on spectra. Planck himself and Reiche 
number of degrees of freedom, the energy dis-|®0d_Epstein have recently made the top spin on 
tribution in the spectrum should be inversely|*the quantum principle. If the principle really 
proportional to the wave length, and the energy | °?bles us to focus all the difficulties into one, 
should hence be concentrated in the ultraviolet | it will have served its object ;{{no,theory can do 
(Rayleigh and, later, Jeans). But the studies|™0re. It has already helped us to understand 
(before 1900) of black body radiation (Lummer and|®24 to correlate many obscure: problems, and 
Pringsheim) had once more established that the | Professor Lewis is sure to enlarge the circle of friends 
of his System of Physical Chemistry by having added 
to it a third volume on statistical mechanics and 
the quantum relation. 


photo-sensitive substance requires one quantum of 
the respective energy for its decomposition—is also 
contradicted by some experiments of Baly, Boden- 
stein and Warburg; but the interpretation of all 
these experiments is very difficult. 

Having outlined the quantum theory Professor 
Lewis discusses recent researches supporting it. 
The work of Nernst, Koref and Lindemann on 
specific heat, and on atomic and molecular heats, 
both at high and at very low temperatures proved 
that the atomic heat of solids increases (decreases) 
with rising (falling) temperature; if new degrees 
of freedom were to come into action, that increase 
should be in steps; but it is continuous, and the 
whole phenomena are unintelligible on the equi- 
partition principle, whilst the formule deduced by 
Debye on the quantum principle explain them 
satisfactorily. Further support is afforded by the 
studies of the characteristic frequencies and the 
thermal properties of gases (Bjerrum, Eucken, Eva 
von Bahr); of thermal reactions ; of Nernst’s heat 




















































To every degree of freedom we must, however, 
assign at least one quantum of energy, and 
emission in quanta does not, at first sight, 
to account for the energy distribution in 
spectrum either. But Planck’s quantum is 
supposed to have one fixed value; it is defined as 
« = hy, where vy is the frequency of the vibration 
and h what has become known as Planck’s universal 
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show a trolley fitted with these frames, while in Figs. 
5 to 22, page 127, we give details of their construction. 

There are two frames to a set, and each frame folds 
down between the end and centre seat. Each consists 
of two leaves, as shown in Figs. 2, 5, 6 and 9, of which 
the lower is carried by and turns on a 1}-in. G.1. tube, 
1}-in. 0.p., fixed across the body by brackets, shown 
in Figs. 9, 14, 15 and 16. This leaf is constructed 
of four }-in. @.1. pipe verticals connected by an 
horizontal member at the top of 1} in. by 14 in. by 
tr in. angle, and stiffened by two sets of cross-bracing of 
similar section. At the lower end the verticals are 
fitted with large lugs, bored out to take the main 
supporting, l}-in. tube; at the top they are each 
fitted with the lower half of a knuckle joint, Fig. 11. 
The upper part of this pair is formed on the end of 
verticals, 14 in. by } in., which are bent over at right 
angles at the top and riveted to an horizontal 1} in. 
by Li in. by ¥% in. angle. By the offset given to the 
centre knuckle pins, the two leaves fold down quite flat 
on themselves. Details of the knuckle joints are shown 
in Figs. 17to 20. They are made in pairs, right and left- 
handed. A lug on the top half of the knuckle joint 
comes in contact with a stop on the lower part, when 
the joint is opened and the frame unfolded, preventing 
the upper leaf being pushed over too far. At the same 
time a small wedge extension of the upper arms slips 
into a tapered grip on the lower part of the knuckle 
joint, giving the upper frame additional support side- 
ways. 

The frames are held extended by three sets 
of stays. Two of these are arranged down the centre 
of the car. They consist of a pair of telescopic diagonal 
stays and a long cross-bar or stretcher rod, Figs. 
5and7. The telescopic stays, Figs. 21 and 22, run from 
near the top of each upper frame, to the main carrying 
1}-in. tube of the opposite frame. Each stay consists 
of a }-in. rod working in a }-in. wrought-iron pipe. 
Slots in both are cut to take a small cotter, rightly 
placed for the correct extension. These cotters are 
fastened to the stays by chains to prevent loss. A pin 
on the rod also works in a slot in the pipe, to prevent 
the stay running out too far. These stays were 
arranged so that they fouled slightly with the intention 
that when up they should press together to prevent 
rattling. The long cross-bar, Fig. 8, was independent, 
and, when the frames were not in use, was carried in 
clips provided for it on the underside of the root. 
When in use it was slipped at each end on to a head on 
one of the central knuckle pins of each frame, shown 
in Fig. 9. In order to get room for these pin heads 
and the telescopic stays in the centre, when the frames 
were folded, this stay extended between diagonally 
opposite centre knuckles. In use, this stay was forced 
home between the telescopic diagonal stays, with the 
result that all dither was avoided. 

The remaining set of stays consisted of small folding 
diagonals (see Figs. 5, 6, 7 and 9) from each outside 
vertical of the lower leaf down to the body. These 
were fitted at the joint with spring washers, and snap- 
locked. They had lugs to prevent them being pulled 
up beyond the straight. 

Four stretchers are accommodated when these frames 
are raised. The two lower are carried each by four 
brackets, Figs. 6 and 9, just above the knuckle joints, 
taking the stretcher handles. The upper are laid over 
the top horizontal angle, the handles being placed 
where the vertical of the angle iron is cut away for that 
purpose. There was no possibility of bad loading 
longitudinally, as the frames -support the standard 
army stretcher outside the legs, but not so far from the 
latter that the end of the handle could slip off its 
— With these frames folding down into the 
shallow boxes under the floor, but above the running 
gear of the trolley, provision had to be made for the 
telescoped diagonal stays. This was done by con- 
necting the two main boxer by a narrow, longitudinal 
trunk into which these stays dropped as the frames 
collapsed. This necessitated a modification of the 
centre seat. The box of this was made of two parts, 
each extending from the outside of the body in towards 
the centre as far as the trunk, a 3} in. space in which the 
diagonal stays moved being left between the two 8 
in the centre. These two box seats were removable, ine 
kept in place merely by horizontal and vertical lugs, 
so that, as before, they could be instantly removed 
if the floor space were required. In one side a water 
tank was provided, and in the other an ice chest. The 
bottom stretcher, when loaded, was clear of this seat, 
which therefore could remain normally in position. 
The batten seat top was made continuous over the two 
boxes, so that the original seating capacity of the car 
was not affected as regards general work. But when 
the frames were to be » this seat top and the 
throw-over back had to be removed. The seat simply 
lifted off and was hung by lugs on brackets inside 
one end of the car. It may be seen in this position 
at the right hand end of the car in Figs. 3 and 4. The 
throw-over back was arranged with an instantaneous 
release, its pivots being provided with flats which 





could be turned to correspond with a slot and hole in 
the lower end of each arm. The back and arms fitted 
on to brackets and pins at the other end of the car, 
where it may be seen clearly in Fig. 2. floor 
boards were arranged in sections so that after removal, 
and the raising of the frames, they could be replaced in 
position. The stretchers, when not in use, were 
carried two on either side in boxes below the footboard 
where they may be seen in Figs. 1 and 2. 

With practically no more alteration to the original 
body than the modification of the centre seat, and taking 
the fullest advantage of the inside width, these frames 
could be made just to take the standard army stretcher. 
In the conversion, in order not to disturb the old body 
framing, the clearances of the collapsed frames in the 
boxes had to be cut rather finer than would be neces- 
sary in a new design in which the body longitudinals 
could be spaced to suit. Every advantage was taken 
of the full clearance inside the body to procure frames 
sufficiently wide to ensure ease in loading. This is 
e:sential for loading up the bottom stretchers, the 
handles of which pa-s through the upper frame leaf. 

To load up stretcher cases a rill § stretcher is first 
put on the top of the frame. It is then moved longi- 
tudinally so that first the feet can be lowered and then 
the h and the handles rested on the lower brackets. 
The upper stretchers just slide on to the top bar. 
Canvas screens are provided down the whole length of 
the trolley body, and cross screens at the front and 
back of the stretcher frames, so that ambulance cases 
can be a A telescopic iron ladder 
was also provided to facilitate loading on uneven 
ground. This was carried under the frame. 

With the driver, and one man to help him raise the 
frames, and take the stretchers from the bearers on the 
ground, the trolley could be completely converted 
from an inspection to an ambulance car, loaded with 
four stretcher cases, and could get away within 
24 minutes. These trolleys ran upwards of 35 miles 
an hour without the least vibration to the stretchers 
or discomfort to the patients. The arrangement was 
approved by the Army medical authorities and fulfilled 
all their requirements in these respects. It was 
designed by Major P. J. Cowan, when in charge of the 
Kut locomotive, carriage and wagon repair shops, 
where also the trolleys were converted. 

As trolleys of this type can run with ease over 
200 miles at a stretch, some such arrangement 
might easily prove valuable for railway breakdown 
work in many countries where motor inspection cars 
are now employed. 








REFRACTORIES. 
(Concluded from page 99.) 
“* Refractories in the Iron and Steel Industry.” 


This paper was by Mr. C. E. Nesbitt and Mr. L. Bell 
(of the Carnegie Steel Company, Pittsburgh), who stated 
that the greater efficiency from refractories which is 
needed for increased production can only be attained 
by the co-operation of the consumer and the producer. 
The consumer should know the prevailing conditions 
in his furnaces, such as temperature, slag, gases, dust, 
mechanical wear, abrasion, expansion and contraction, 
&c., so as to know what the bricks must stand. The 
manufacturer of refractories should know the limitations 
and possibilities of his product. He should know the 
effect on quality in service produced by variation in 
moisture, fineness of grind, proportionate sizing of 

icles, method of moulding, Eins and firing. Such 
information enables him to advise the consumer as to the 
kind of brick best suited for his needs. 

Temperatures in the interior of a blast furnace vary 
from 260 deg. C. at the top to 1,800 deg. C. at the tuyeres. 
Refining temperatures are high in open-hearth, Bessemer 
converters, and electric furnaces, whilst temperatures in 

uenching and annealing furnaces are moderate. 

ractories must also meet a wide variation on physical 
requirements, such as corrosive action of acid, ic or 
neutral slags, sudden thermal changes, load, abrasion, 
im and expansion. 

xperience has shown that the most important 
working qualities could be determined by two or three 
tests, namely, the spalling and hot-crushing tests for 
silica bricks, and the spalling, hot load, and slagging tests 
for clay bricks. The detailed methods have been given 
in previous papers by the authors, (See Trans. American 
Soc. for Testing Materials, 1916, 1917, 1918, 1919.) 

By using these tests the authors are trying to solve 
difficult refractory problems such as the following: 
Why does the life of blast-furnace linings vary from 
two to seven years, basic open-hearth roofs from 25 to 
400 heats, soaking pits from six to eighteen months, 
converter bottoms from 4 to 16 heats, and ladle linings 
from 4 to 25 heats? How can we explain the fact that 
one solid brick is found in a blast-furnace lining sur- 
rounded by a number of disintegrated bricks, and in 
another place on the same level one disintegrated brick 
will be surrounded by a number of sound bricks? 
sorted sont, tn giniing. sesaitiny, "ctling, drying: 

. grinding, moulding, setting, ing, 

——- A Silica bricks show a falli bet 
a a 50 cent. to 60 cent. in crushing 
when heaved from room aol to 1,350 

deg. C., hence defects which lower the mechanical strength 





of a product which has already been weakened by heat 
are serious factors. Defective silica bricks rarely show at 
1,360 deg. C. as much as half the crushing strength of 
sound bricks of the same make. 

Fire cracks also cause a decided shortening of the life 
of a silica brick structure such as an open- roof, 
where there are severe thermal changes. The percentage 
loss of weight was found to be in most cases nearly twice 
as much as in similar commercial bricks free from fire 
cracks, when subjected to the authors’ spalling test at 
540 deg. C. 

Roofs of 9%-ton open-hearth furnaces working under 
normal conditions with producer gas should last for a 
average of 200 heats. Bricks taken from a furnace roof 
after 261 heats showed an average spalling loss of 20 ge 
cent. Another roof which made 221 heats showed a loss 
of 23 per cent. In a similar roof in which the life was 
only 80 heats the average spalling loss was 47 per cent. 

The degree of fineness or size pad nar ary Corn! in 
silica bricks, has a very pronounced effect on the spalling 
loss. The finer the grind the higher the loss, which in 
turn means a decided shortening of the life of the structure 
when subjected to severe thermal changes. The spalling 
loss was found to be 30-4 per cent. for 4-mesh material, 
47-6 per cent. for 8-mesh, and 63-2 per cent. for 16-mesh. 

What has been stated about silica bricks is generally 
true of fireclay bricks, but the deviations are not so 
marked, because the raw materials have entirely different 
properties. The method of manufacture has a pro- 
nounced effect on the qualities of clay bricks. Thus the 
average spalling values found for six different brands of 
bricks were found to be at 1,350 deg. C., 26-9 per cent. 
loss, 11-7 per cent., 9-4 per cent., 7-3 per cent., 3-4 per 
cent. and 16-7 per cent., respectively, the last three 
lots being hand-made bricks, and the others machine- 
made by different processes. For the same series of 
bricks the results of a load test—in which a steel ball is 
— into a fireclay brick heated to 1,350 deg. C., 

y applying a load of 1,600 lb.—gave depths of penetra- 
tion of 0-27 in., 0-46 in., 0-29 in., 0-55 in., 0-72 in. and 
0-44 in., respectively. 

In clay bricks, as in silica bricks, the finer the grind 
the greater the spalling loss; results obtained were 
8-47 per cent. loss for coarse grind and 49-95 per cent. 
for fine grind. Clay bricks also decrease in strength when 
heated. Extreme variation in the degree of firing also 
has a marked effect. In the same consignment of clay 
chequer bricks it was found that the average spalling 
loss was 14 per cent. for the average fired and 60 per cent. 
for the hard-fired bricks. The consumer judges his 
refractories by the life obtained, and demands a product 
giving a more uniform life. Variations in uniformity 
are largely due to methods of manufacture. It is 
believed that a much more uniform product can be 
secured if a careful study is made of the variations in 
manufacture which affect the important qualities, 


“* Superior Refractories.” 

The paper on this subject was by Mr. Ross C. Purdy 
(of the Norton Company, Worcester, Mass). He stated 
that the most vital limiting factor in the development 
and adaptation of electric furnaces is adequate re- 
fractories, the present furnaces having many compro- 
mises in design and operation, and serious limitation 
in use because of failure of the refractories to withstand 
the severe conditions that otherwise would be placed 
upon them. The increase in mechanical and -dielectric 
streins on high-tension insulators resulting from extensive 
development of electric power, the increased strain on 
spark plugs and the increase in hazards due to failure 
of spark plugs in aircraft, are but two of many examples 
of the increasing urgencies that can only met by 
materials that necessitate more intense heat treatment. 

New alloys that require higher temperatures for 
tempering, new glasses that necessitate more intense 
heat treatment to melt and refine, new labour-saving 
devices that entail more severe temperature changes, 
new by-products that must be reclaimed to make the 
essential process commercially feasible; all of these, 
and many more, create an actual, not fanciful, demand 
for a refractory that will be superior to that which has 
been hitherto considered adequate. These new require- 
ments and these changes in requirements call for a ~ 
distinct applied chemical engineering, a iality in 
ceramic engineering, which must be employed jointly by 
the producer and users of refractories. 

No doubt a superior product will be found in most 
cases by — selection of the refractories already 
available, but there are cases, and they are multiplying 
rapidly, where new refractory products will have to be 
developed. There are known requirements for re- 
fractories made of peo silicon carbide, fused alumina, 
sintered magnesia, fused spinels, crystallised sillimanite, 
calcined zirconia, &c., refractories that are not now much 
beyond the laboratory stage in development. 

t will be only such as these last-named refractories 
that will meet the excessively high temperature require- 
ments and have at the same time the many other desired 
heat strength, and dielectric properties. There is no 
denying, the demand for such special refractory materials, 
but the plain truth is that most of the new requirements 
will be met either by intelligent adaptation of the 
materials in general use to-day or by readily-made 
modifications of them. 

To make a proper selection of a suitable refractory 
requires an understanding of the several properties that 
are requisite in each case and a know of their 
relative importance. This may sound antic and 
unnecessary repetition of that which has often been 
said and written, but when one hears chemists, metal- 
lurgists and engineers of recognised ability discussing 
refractories altogether in terms of the temperature 
of fusion and of chemical analysis, it is made plain that 
all of our present refractory difficulties are not ble 
to the producer. 
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A well-made clay refractory article will have had the 
fusion of the minerals carried only to that point at which 
maximum strength, and t constancy in volume 
are attained without distortion of the fabricated re- 
fractory article. Retaining of shape of the refractory 
article is the result only of stopping the of 
fusion very much short of attainment of ultimate ible 
strength and constancy in volume of the tory 
constituents. Chemists would speak of this partial 
fusion as arrested reaction. It is a very important 
consideration how far these reactions should progress 
in the manufacturing of the refractories, and to what 
further extent they will be carried in use. 

The degree of fusion is affected by such factors as 
compactness of the mass, homogeneity of the mixture, 
size of the mineral particles, and other physical factors. 
These physical factors result from plasticity and fi 
of the clays, the degree to which the clays are pulverised, 
mixed and tempered; and also from the method of 
manufacture of the refractory article. These physical 
factors have a very decided and strong influence on the 
rate of fusion, and it is this rate of fusion that is of more 
importance than the possible ultimate fusibility. 

tt is impossible to find a melting-point in a mixture 
of minerals, or even in such relatively simple mineral 
mixtures as refractory fireclays. This is due not only 
to the viscosity of the melt but also to the range between 
the melting-points of the components or compounds 
preent. Rather than a melting-point there is a melting 
range or period. A clay which, when moulded, into the 
standard cone shape, will squat at 1,600 deg. C., most 
likely will have had its fusion well progressed at 1,000 
deg. C. This melting range has some relation to the 
rate of fusion, but can neither be stated in definite 
temperature terms nor closely correlated with the 
chemical analysis of the mixture. 

Clay refractories cannot safely be judged solely on the 
basis of temperature of fusion, or on chemical analysis, 
or both. 

As to the essential requirements, many refractory 
installations must sustain a heavy load at relatively 
high temperatures; others must be impregnable to 
gases; others must offer the least opportunity for 
collection on their surface of fusible solids such as 
coal ash; others must resist corrosion of molten glass, 
slag, or metal. In nearly all cases it is desirable, and 
in most cases essential, that the refractories maintain a 
constancy in permanent volume, and in most installations 
the refractory must be resistant to abrasion and with- 
stand sudden temperature changes. High ultimate 
fusibility, structural strength, suitable density, and low 
permanent volume change are essential in all cases of 
superior refractory installation. Chemical characteristics, 
heat conductivity, electrical resistance, are essential 
considerations in a few special cases. 

The frequently-used classification of refractories as 
acid, basic, or neutral, has a value in but very few cases, 
such as basic and acid processes for steel, and even with 
these there is evidence that too much stress has been 
placed on having the chemical nature of the refractory 
the same as that of the slag. Slag tests on bricks show 
that the effects of basic and acid slags have ically 
the same corrosive fusion effect through a very long range 
in composition of either the slag or the refractory. The 
emphasis that is now placed on basic and acid refractories 
will, in the vast majority of refractory installations, be 
found as inappropriate as the old notion that it is 
essential to have a course of neutral bricks between the 
acid silica crown and the basic magnesite linings. The 
refractory most suitable for a stoker furnace cannot be 
determined by consideration of the balance between the 
chemical nature of the coal ash and that of the re 
fractory. There are, of course, exceptional cases where 
the chemical characteristic of the refractory is a very 
essential consideration, but they are very few. 

Where cost will justify the ¢ se, the superior 
refractory of the future will be made of fused alumina, 
silicon carbide, crystallised sillimanite, fused spinels, 
sintered magnesia, or other very refractory mineral 
substances that have been so fused or sintered as to have 
attained completed chemical change, and have come to 
a constancy in volume. Which will be most suitable 
in a given case will be much more dependent on physical 
than on chemical conditions, and the desired physical 
properties can be obtained with. much more certainty 
with such refractories than with such materials as clay, 
bauxite, or calcined magnesite, in which the physical 
and chemical reactions and alteration have not been 
carried to stability. 

In the case of such superior refractories there need be 
used either no bonding material, or (for maximum 
strength) only a small gee, Ae very fusible material 
such as silicate of soda, very ible clay, or stoneware 
glaze. A strong, highly refractory article cap be thus 
made of any of these materials, and have any structural 
characteristic desired. 


“* Refractory Problems of the Gas Industry.” 

This subject was dealt with by Mr. W. H. Fulweiler 
and Mr. J. H. Taussig (of the United Gas Improvement 
Company, Philadelphia). The vertical retort system, 
which is now coming into general use, may be taken, 
they said, as a typical example of a modern coal- 
installation for the manufacture of illuminating gas. The 
combustion chamber in such an installation contains a 
nuwber of retorts, which are heated by means of producer 





gas with preheated secondary air. The products of 
com) on pass downward through recu tors, in 
which the incoming secondary air is preheated. External 


producers are in the most recent installations. 


The coal gas passes from the tops of the retorts to the 
condensing, scrubbing and other purifying apparatus. 
The temperature in the combustion chamber is 1,450 deg. 


to 1,550 deg. C., and in the lower part of the retorts 
1,350 deg. to 1,500 deg. C., gradually decreasing upwards 


| expansion of the silica—especially when the setting is 





90 ft. in length, and allowance is made for 4 in. expansion 


| grade of firebricks, and the whole bench structure is 





recuperators. 

the recuperators, from which the gas passes at a tempera- 
ture between 480 deg. and 530 deg. C. The incoming air 
from the atmosphere leaves the recuperators at about 
760 me © The retorts, which are about 23 ft. long, 
with a vy iron casting to form the upper mouthpiece, 
are charged with coal at intervals of 10 hours to 12 hours. 

From economical considerations it has been 

to use both silica and fireclay materials, which makes 
the design and construction of these modern retort 
benches a very complex problem. The average silica 
material will expand about 4 in. per foot, and the 
average fireclay material under the same tem ure 
conditions will probably expand 4 in. Most of the 


to about 850 . C. at the top, where the gases enter the 
he gradual » teen: mata through 


first heated up—takes place at 300 deg. to 350 deg. C., 
whilst fireclay expands gradually up to about 1,100 deg. C. 

The bench structure may be regarded roughly as a 
rectangular column of silica material, floating on a 
cast-iron base, which at the existing temperature has 
about the same expansion as the fireclay, surrounded by a 
retaining wall of fireclay material and enclosed in a heavy 
steol framework. 

The double arches of the combustion chamber are of 
the highest grade silica material, so as not only to resist 
the very high temperature, but also to support a load | 
which may amount to 25 lb. per square inch. The 
retorts are of silica, and the recuperators of fireclay. 
The combustion chamber lining is also of silica. 

The benches are usually built in stacks of about 





in this length. The high-grade silica matefial used in | 
the combustion chamber, retorts and connecting blocks, 
contains over 96 per cent. silica with about 1-5 per cent. | 
lime, acting as a bond. The fireclay material used in | 
the recuperators contains 55 per cent. silica, the rest 
being alumina, with a little lime, ferric oxide, &c. Fire- 
clay is also used at the tops and bottoms of the retorts | 
(owing to its smaller expansion and greater resistance to | 
spalling), because of the rapid changes of temperature 
resulting from the high conductivity and radiation of 
the i-onwork. The outside walls are made of a lower 





insulated with bricks made from infusorial earth. One | 
bench of nine retorts will require about 76 tons of silica | 
material and 108 tons of fireclay material. | 

The standard form of water-gas apparatus consists | 
generally of three steel shells, ined with firebricks and 
insulating material, and termed respectively generator, | 
carburettor and superheater. The generator has a grate, | 
and connections for introducing air under pressure and | 
steam, both below and above the grate; there are also 
reversing valves and connections by means of which the | 
products of combustion may be taken from either the | 
top or the bottom of the generator. These connections | 
also connect with the top of the carburettor, which is 
lined with firebri.ks and with chequer bricks. The 
bottom of the carburettor communicates with the super- 
heater, which is constructed like the carburettor, and 
has a stack valve at the top for letting off waste gases, 
and which is also connected with the cooling and purifying 
system for the water gas produced. 

When working, the fuel in the generator is highly heated 
by the aid of an air blast directed from beneath the 
grate. In order to burn any combustible gases in the 
producer gas thus formed, air is admitted at the top of 
the carburettor and at the bottom of the superheater, the 
ternperature of these vessel; being thus controlled, 

When the fuel has acquired the proper temperature, the 
air blast is shut off, the stack valve lowered, and the 
steam is passed upwards or downwards through the fuel 
in the generator, the resulting hot gas passing down the 
carburettor. At the top of the carburettor it meets a 
stream of oil which becomes vaporised and afterwards 
transformed in the carburettor and superheater into a 
fixed gas, light hydrocarbon vapours, and a little tar. 

The water-gas apparatus has to withstand high 
temperature, abrasion, slagging action, and spalling. 
These actions are distributed through the three main 
vessels, and some of them occur also in the connections. 
The fireclay linings suffer severely, but owing to extreme 
and frequent temperature changes it has not been found 
senntiaghie to substitute silica refractories, and magnesite 
also proves unsuitable owing to spalling. Recent trials 
with magnesite blocks enclosed in a thin iron casing 
seem to have been somewhat more successful. Car- 
borundum materials give a longer life, but are costly. 

On construction work better results are generally 
obtained by using a cement composed mainly of ground 
material similar in quality to the grog in the brick and 
a minimum amount of more fusible material, For silica 
bricks or shapes subject to high expansion, no cementing 
material is used in many cases, the bricks or shapes 
being separated by corrugated cardboard of such thick- 
ness that at the proper temperature sufficient space is 
left for the expansion to take place so as to form a tight 
enough joint. 

For control of materials supplied, the tests include t hose 
for resistance to deformation under load, for slagging 
action, fusibility and — 

For resistance to deformation under load an automatic 
device is used for determining expansion at various 
temperatures under different loads. 





“Tue Brrron in FLaAnpErs.”’—We have received from 
Mr. Leopold B. Hill, 2, Langham-place, London, W. 1, 





a booklet of close upon 100 pages, having the above title, 
compiled by Mr. E. V. Bisschop, and giving a brief 

mmar of the Flemish lenguage. words and phrases 
in Flemish and English, with the Flemish pronunciation. 
The booklet covers all that is necessary for everyday 
conversation, and includes also a cycling and a motoring 





jvocabulary. The booklet costs le. 6d. net. 


HARBOUR WORKS IMPROVEMENTS.* 
(1) Warrsy Harsovr Improvement. 
By James Mrrouett, M.Inst.C.E. 


Tis paper describes the former rank of the port of 
Whitby, and the reasons for the loss of that rank. 
The defects of the harbour, as it was before the i 
out of the new scheme of improvement, are described, 
the shifting sand bar just outside the entrance, the 
narrow, and tortuous entrance channel, the lack of 
deep-water quays, and the great e of sea into 
the bour, owing to insufficient shelter. A description 
of the new works—two new sea piers, a new fish quay 
with deep water alongside, a new entrance channel, and 
general ing of the harbour—follows, and reasons 
are given for the expectation that Whitby will ultimately 
become a first-clas ; fishing port. 

The harbour lies at the mouth of the River Esk, on 
the north-east coast of Yorkshire, the position of the 
river mouth having probably been determined by the 
crushing of the strata due to a geological fault of over 
100 ft. which runs through the middle of the harbour. 

The new east and west piers were ig to check 
the travel of sand from the north-west, and so remove 
the sand bar at the harbour entrance, while they also 
serve to reduce the range inside the harbour in stormy 
weather. To assist the latter object, intercepting jetties 
have been built out from the old pierheads, and by these 
means more than 50 per cent, of the breadth of the 
waves entering between the piers is carried out to sea 
_ thro’ openings left between the old and new piers. 
The effect of the new piers and wave traps has been most 
aaa the sand bar having been completely 
removed, the entrance made safer in stormy weather, and 
the outer harbour made safe for vessels lying in all 
weathers. 

The piers are monolithic concrete structures, carried 
to a level of 74 ft. above h,w.o.s.t., and surmounted by 
timberwork trestles, on which roadways are carried at a 
level of 22 ft. above h.w.o.s.t. They are founded 
throughout on alum shale rock, at dep ranging from 
2 ft. to 12 ft. below l.w.o.s.t. The timber trestle-work, 
as originally designed, was intended to serve as staging, 
on which would be carried the railways, cranes, &c., 
required for construction, the lower portion of it being 
thereafter d in cx te, so as to form part of the 
permanent structure. The contractors, however, in view 
of the exposure of the site, and the difficulty of driving 
piles in the shale rock so as to withstand the sea, pro- 
posed to adopt a novel type of locomotive stages, which 
would travel on the sea bottom and carry cranes, divers’ 
platforms, &c. This pro was agreed to, the timber 
piles being dispen with, and their place taken by 
uprights embedded for a len, of 7 ft. in the concrete 
structure. A description of these stages is given, together 
with their method of operation, and of travelling. 
The difficulties met with in preparing the foundations, 
the type of concrete casi A wm bes of concreting 
are described. Attention is drawn to various difficulties 
met with in the diving work, and to the influence of the 
quality of the concrete in minimising loss of concrete 
and concrete casing during construction. 

The new fish quay is 700 ft. long, the front being 
curved to a radius of 1,430 ft., and has a depth alongside 
of 7 ft. at l.w.o.s.t. It is constructed of creosoted pitch- 
pine, with a close-jointed deck of uncreosoted pitch-pine, 
and is designed to carry a load of 24 cwt. per square foot. 
The method of carrying out the piling work is described, 
together with the fairing of the curvature of the front 
of the quay after completion of the piling. 

The entrance channel, and the whole of the outer 
harbour, has been dredged to a depth of 7 ft. below 
l.w.o.s.t., the channel being extended outwards to a 
permanent sea depth of this amount. The dredging 
awl greatly hampered by the shallowness of the old 

arbour. 








(2) THe Desien or Harspours AND BREAKWATERS WITH 
A View To THE REDUCTION OF WavE-ACTION WITHIN 
THEIR AREA. 


By Rates Freperick Hrvpmanrsa, M.Inst.C.E. 


The author points out the importance of the subject, 
both in connection with. the design of new harbours, and 
with regard to works of improvement or alteration carried 
out in existing harbours, and refers to several principles on 
which the reduction of wave.a tion depends. 

He then traces the development of the Tyne Harbour 
Works, stating some of the reasons which influenced the 
late Mr. James Walker, Past-President Inst.C.E., in 
laying down, about 1853, the positions of the Tyne piers 
as designed by him. The design is commen upon in 
the light of experience gained. 

In its natural state, when beset with reefs and shoals, 
and with a winding entrance channel, there did not 
appear to have been much wave disturbance in the 
harbour. 

a were first made when dredging was taken 
in hand on a large scale, at which time there was still a 
considerable distance between the pier ends, and as a 
result of such complaints, Sir John Coode, Past-President 
Inst.C.E., was consulted in 1884. His opinion was that 
the changes a by dredging, coupled with the 
action of the piers in confining the scour to the currents, 
had brought about an entire revolution in the state of 
affairs, and he recommended :— 

1. That the southern wave-trap then in course of 
construction should be enlarged, and the bed of the trap 
from low water up to high water formed at an inclination 
of about 1 in 30. 

2. That the position of the timber groyne on the 
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north side of the harbour, forming the continuation of the 
stone groyne near Clifford’s Pet owe be altered to its 
present position, and an addi groyne formed to 
the westward so as to form the present northern wave- 


trap. 

These recommendations were subsequently carried into 
effect, and the wave-traps and groynes are still sub- 
stantially in the form suggested by Sir John. ny 

Plans are given showing the harbour entrance in its 
natural state before the Tyne piers were constructed, and 
the existing harbour entrance. 





(3) Wave-Action In HarspourR AREAS; WITH SPECIAL 
Rererence TO Works ror Repvocrne it at BLyTH 
AND WuiTsy Harsours. 

By(Joun Warr]Sanpeman, M.Inst.C.E. 

The paper draws attention to the difference between 
range waves from the sea and short wind waves raised 
within a harbour. When propagated into a harbour 
through a deep entrance channel, waves do not break, 
and “their velocity and momentum are only gradually 
quelled by the reaction of still water within the harbour. 

At Blyth, with sea waves at the pier heads of 10 ft. 
to 12 ft. in height, range waves in mid-harbour vary 
from 6 in. to 24 in. in height. Such waves move ships 
alternately ahead and astern, and the momentum 
imparted to heavy ships when their moorings are slack, 
has proved sufficient to break steel mooring haweers. 
The reduction of range at Blyth has been effected by 
the construction of intercepting jetties. A new west pier 
to be constructed will provide similar jetties. 

At Whitby harbour range has been reduced by the 
construction of outer piers which overlap the old pier- 
heads, the spaces between the new and old piers forming 
exits for waves intercepted by the old pierheads. The 
reduction of range is effected both by the breadth of wave 
cut off, and by its loss of momentum whilst expandin 
between the new and the old pierheads. The combin 
effect has been such as completely to tranquillise the 
harbour, which previously during storms did not admit 
of ships or boats being moored below Whitby bridge. 

The two cases referred to afford ev of methods 
which it is considered might be more fully employed for 
the reduction of range without recourse to more elaborate 
works, wherejlarge areas of ing beach t, be 
provided. 








4) Tae ImproveMENT To THE EnTRANCE TO SUNDER- 
LAND Harpour, with REFERENCE TO THE REDUCTION 
or Wave-AcTIon. 

By Wriu1am Simpson, 0.B.E., M.Inst.C.E. 

The author briefly describes the practical results of 
wave-reduction at the two entrances to Sunderland 
Harbour, devoting particular attention to the north, or 
River Wear entrance, which is protected by sea piers 





of recent construction. The general physical conditions 
at Sunderland are described, including exposure, fetch, | 
and waves. An historical account is given of the early | 

rogressive attempts to improve the entrance to the | 
River Wear, culminating, in 1843, in the completion of | 
two sea piers, which proved of great benefit to the port. 
The construction of these piers, however, was the means 
of bringing more swell into the harbour, which seriously 
interfered with the utility of the interior. A bar was 
also persistently formed at the pierheads, to the in- 
convenience and danger of shipping. The question of 
an improved entrance to the River Wear was referred 
to the Admiralty in 1858, who recommended the con- 
struction of sea piers extending into deep water. With 
this recommendation before them, the River Wear 
Commissioners (the Port Authority) consulted several 
eminent engineers, including Sir John Coode, Past- 
President Inst.C.E., whose scheme of 1876 was adopted, 
and a commencement made with the works in Tss3, 
under the late Mr. H. H. Wake, M.Inst.C.E. The 





original width of entrance of 500 ft. proposed by Sir John 
Coode was increased to 600 ft. b Mir. Wake, and later | 
to 700 ft. by the author. It had been proposed to 
complete the protecting piers before deepening the 
entrance channel, to avoid increase of swell into the | 
harbour, but the matter having been referred to the | 
author, he decided, in 1909, to proceed with the deepening 
and improvement of the channel before completing the 
south protecting pier. At that time there was a depth 
of 10 ft. at l.w.o.s.t. in the channel, and the distance 
between the completed ncrth or Roker pier and the end 
of the unfinished south per was 770 ft. In coming to 
this decision the author in view the desirability of 
securing the largest ible entrance to the port, while 
opportunity afforded, consistent with reasonable pro- 
tection of the interior from swell, and considered that | 
it would be possible to meet an increase of swell by 
the provision of an interior expanding area. As a pre- 
liminary to the deepening operations, the seaward half 
of the inner north pier was reconstructed, as the founda- 
tions had shown signs of giving way. D ing opera- 
tions were commenced in 1908, when a depth of 15 ft. 
at l.w.o.s.t. was obtained, and, a3 there was no perceptible 
increase of swell, these operations were extended until 
20 ft. at l.w.o.s.t. had been got. At the same time an 
inner expanding area was extended and deepened. A 
large part of this work consisted in the removal of 
limestone rock, which was either carried out by the rock 
dredger Wear without either blasting, or rele i up by 
mechanical means. 

No increase of swell at the harbour having resulted 
from these operations, the author recommended the 
eomepintien of Se enue Semaine pier by 08 ing a head 
only, so as to leave an entrance of 700 ft., and this work 
is now in hand. ae» —_ of the construction of the 
protecting piers, an deepening of the entrance | 
channel, the bar, which had so long encumbered the port, | 
has disappeared, The action of swell in the exterior 





expanding area is described. The action of swell in the 
interior area is shown to be largely due to the shallow 
ths alongside the old river piers, which tend to lead 
it into the harbour. The general conclusions which the 
author draws, in regard to the River Wear entrance, are 
that the lye rene of expanding area to entrance and 
i ition of wave basins of the exterior are generally 
satisfactory, the factor of wave-reduction by these 
agencies being about 65 per cent. For the inner expand- 
ing area the results are , a8 traffic is not interfered 
with during storms. The total value of the wave- 
reducing agencies, both exterior and interior, is about 
90 per cent. 
ith regard to the south entrance, the author explains 
its eral configuration and design, and shows that the 
sesahe are not satisfactory, as the expanding area is too 
small and shallow, the factor of wave-reduction being only 
about 40 per cent. 
The author, finally, sums up the relative merits and 
values of the wave-reducing cies at both the north 
and south entrances at Sunderland. 





CATALOGUES. 

Vacuum Cleaner.—An electrically-driven machine for 
cleaning carpets, &c., is described in a catalogue received 
from the Sun Electrical Company, Limited, 120, Charing 
Cross-road, London, W.C. 2. The machine has a 
revolving brush in the nozzle. 


Brake Solenoids.—Four standard sizes of brake 
solenoids for alternating-current circuits are described 
in a ———en the Metropolitan Vickers Electrical 
Company, Limited, of Manchester. These are totally 
ensiseod, and weatherproof, and they can pull up to 
150 lb. through a stroke of 2 in. 


Engineeri: Works.—Messrs. William Beardmore 
and Co., Limited, of Glasgow, have reprinted, in hand- 
somely illustrated form, a description of their various 
works which ap in the journal Empire Illustrated. 
As the description includes steel-making, forging, ship- 
building, locomotive and aircraft construction, it makes 
very interesti ing. 

Electric Power.—TheYGeneral Electric Company, 
Limited, 67, Queen Victoria-street, London, E.C, 4, has 
issued catalogues describing (a) an extension of the Poplar 
Borough Council Power House, including a 4,750 k.v.a. 
turbo-alternator and two 1,000 kw. rotary converters 
made by the company; and (6) an engineering works’ 
power and light equipment comprising generating 
machinery and about 80 motors ranging from 100 h.p. 
to $ h.p. 

Electric Furnaces.—Muffle furnaces of square, circular 
and D section are described and illustrated in a catalogue 
issued by Automatic and Electric Furnaces, Limited, 
281, Gray’s Inn-road, London, W.C. 1. Small sizes for 
laboratory use are included. The cost of current in pence 
per hour at ld. per unit, is given for each size, so that 
the actual cost of working can be easily calculated when 
the local rate is known. An oven furnace suitable for 
annealing optical glass is also shown. 


Steam Shovels.—A number of catalogues issued by 
the Ball Engine Company, Erie, Pa., U.S.A., show 
several steam driven shovels actuated by a jib crane 
mounted on a turntable and carried on roadway or rail- 
way wheels. Generally a box scoop with digging prongs 
working with an upward and forward sweep 1s employed, 
but the machines may be used with a drag bucket, 
which is thrown out and drawn back, and also with a 
grab bucket. Messrs. Gaston, Limited, 20 Bishopsgate, 
E.C, 2, ara the importers of the machine. 


Small Engines.—A series of vertical engines, from 1} 
h.p. to 15 h.p., running on — and light oil, are 
described in catalogues issued by the makers, the Novo 
Engine Company, Lansing, Michigan, U.S.A. The engines 
are well enclosed for rough and outdoor use by building 
or road-making contractors, and are quite self-contained 
with a fuel chamber in the base and a cooling water 
hood. They are supplied separately or with hoisting, 
pumping or other hinery attached. The importers 
are Messrs. Gaston, Limited, 20, Bishopsgate, E.C.2. 

Oil Engines.—An exceedingly well-produced catalogue, 
in French, from the Soc. Anon, Augustin Normand, 
Havre, France, contains many exceptionally fine repro- 
ductions of photographs of their heavy oil engines for 
marine and land use, with descriptive text, and also gives 
an excellent series of line engravings of ships engined by 
the company. An historical note of more than usual 
interest shows that this firm built their first sailing ship 
in 1628, their first steamship in 1829, the first triple- 
expansion engine in 1871, and their first submarine in 
1917. 


Elec'ric Welding—Three catalogues from the Alloy 
Welding Processes, Limited, of 14, Cockspur-street, 
London, S.W. 1, contain particulars and explanatory 
information about stationary and portable arc weldi 
plants ; and standard electrodes for arc welding, as wel 
as a list of welding materials such as rods for the oxy- 
acetylene process and electrodes for the arc process. 
These materials include a considerable range of cast-iron, 
mild steel, nickel steel, carbon steel, high-speed steel 
and manganese steel, which give some idea of the efforts 
now being made to provide for each special kind of work. 


Motor-Car Engines.—Messrs. W. H. Dorman and Co, 
Limited, of Stafford, have taken up the manufacture of 
motor-car engines on a very large scale, in forms suitable 
for many types of cars. They have standardised 10 sizes, 
ranging from 10 brake horse-power to 72 brake horse- 

wer, all of which run at 1,000 r.p.m. The engines may 

usei to replace old engines when a car is being 
overhauled. A general description of the engines, in 








pnt form, is given in an 80-page booklet written 
y Mr. M. W. m, and very fully illustrated. 
Another booklet gives a long series of extracts from the 
daily and motor-car journals. Both publications are 
entitled “‘ The Heart of the Car is the Engine.” 


Lubricators.—A forced-feed lubricator, made in a large 
range of sizes and adapted for all kinds of ines, 
compressois, cranes, &c., is described in a 
received from the McCord Manufacturing Company, of 
Detroit, U.S.A. The lubricator consists of a cast-iron 
tank into which one or more (up to 25) penens ae 
are inserted through the cover. The driving is 
inside. Each unit may be separately regulated while in 
place, and each may be removed for inspection. The 
pump is of the two-stage plunger type. One plunger 
takes a quantity of oil from the tank to a compartment, 
where it passes a sight-feed glass, and it is then delivered 
to the bearing or other part to be lubricated by means of 
@ second plunger. 


Steam Superheater—The advantages o superheating 
steam are very clearly explained in a catalogue issued by 
the North-Eastern Marine i i Company, 
Limited, of Wallsend-on-Tyne. The superheater pave 
by this company is especially suitable for application to 
Scotch marine boilers, the type of boiler almost 
universally used in merchant ships. The steam is led 
from the boiler stop valve through a pipe which passes 
successively into four of the boiler tubes and thence 
to the engines. The doubling over of the heating tube 
inside the boiler tube is necessarily sharp and is provided 
for by a U-piece, made separately, and suitably thickened 
to withstand the hot blast on the curved end. A number 
of these pipes connected to headers for the wet and 
superheated steam constitute the superheater. The 
catalogue points out that the advantages of the super- 
heater are only to be obtained by giving the best attention 
to the engines, boilers, piping and feed water. The 
saving in fuel, allowing for the superheating fuel, is 
estimated at from 13 per cent. to 17 per cent. with triple 
expansion engines, and from 9 per cent, to 12 per cent. 
with turbines. 


Pneumatic Pickaxe.—To provide the coal-miner with 
@ power-driven pickaxe is by no means an easy task, 
and it is csrtainly not simplified by the fact that the 
miner is not always anxious to avail himself of its help. 
The conditions of working in a mine are such that it is 
impossible to expect what would be considered “ fair- 

lay ” for such a tool under almost any other conditions. 

me of the earlier inventions failed ause the move- 
ment of the point of application, which is different from 
that of the riveting hammer, led to breakage of the recoil 
spring or the sleeve, or even of the hammer itself. Messrs. 
Hugh Wood and Co., Limited, of Newcastle-on-Tyne, 
have produced a pneumatic pickaxe which works with 
an air pressure of 60 lb. to 80 lb. per square inch. Its 
action automatically ceases when the resistance of the 
work is removed, and it can be dismantled and re- 
assembled without tools other than a tommy and spanner. 
‘The fact that it is unnecessary to observe any marks 
in this operation is an important desideratum, as tools of 
this class used in a coal mine should be taken to pieces, 
washed and lubricated daily. The tool weighs only 
18 lb., is under 16 in. long, and has a piston stroke of 
5} in. All the parts are finely made to standard size, 
and are interchangeable. 





Vistpinity Meter.—The visibility of distant objects 
is impaired and influenced by any turbidity of the 
atmosphere caused by the presence in the air of dust 
or gases affecting the light shennan and dispersion, 
by heat giving rise to density fluctuations, by wind 
and moisture, and by the illumination and its direction, 
and it depends, further, upon the physiological condition 
of the eye. For the latter reason direct eye estimates 
have little value. The visibility meter (Sichtmesser) 
which Professor A. Wigand, of Halle, last year described 
in the Physikalische Zeitschrift (1919, pages 150 to 160), 
resembles in its general shape, a hand-s ereoscope. 
In front of the eyepiece is mounted a wooden disc in 
which eight windows are arranged in a circle; the 
windows are fitted with screens or filters of ground glass, 
numbered respectively 0, 2, 4, 6, 8, 10, 12, 14; there is 
a second disc which haz only one window, marked 1. 
The observer looks at some distant object, his target, 
which may be a house, a tree or a steeple, and turns the 
dises about their common axis until the target dis- 
appears. If that has been attained by using the screens 
6 and 1, the opacity is 7. The unit screen is so ground 
or sand-blasted that it has about 106 grains per square 
centimetre ; on the other screens the numbers of the 
grains are higher or the screens are more opaque. When 
observations are to be made high up in the air, a balloon 
serves as target, while for observations from a balloon, a 
dark cloth is spread on the ground. With the instrument 
is supplied a scale diagram consisting of three lines joined 
so as to make up an inverted N, On the left vertical 
limb are marked the distances in kilometres, on the 
diagonal limb the numbers of the filters,.on the right limb 
the visibilities. The mean opacity of the instrument 
has been found to be 14-3 on fave of maximum visibility, 
and the visibility of an object of opacity a at a distance / 
is given by visibility s = 1/(14-3 — a). Supposing the 
target at a distance of 10 km. disappears when the 
filter 6 is put in front of the apparatus; then a line 
drawn through the points 10 and 6 (or a rule preeed 
to these points on the scale) will cut the right b 
in the point 3, giving a relative visibility of 3. The 
visibility unit adopted is that of the Prussian metero- 
logical service, There are really three scales to the 
instrument, for maximum distances of 0-1 km., 11 km., 
and 110 km, respectively. The instrument should not 
be used in direct sunlight. 
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THE EFFECTS OF EDUCATIONAL EFFORT 


UPON INDUSTRIAL EFFICIENCY.* 
By Mr. F. W. GILBerRtson. 

I rauvk I can vest use the time allotted to me by 
making a general statement from the point of view of a 
business man and an employer of labour, and by re- 
ferring no more than is n to the machinery of 
education with which I am not sufficiently acquainted, 
and with which there are others qualified to deal. The 
views I —- are individual, but I believe they are 
those of a large number, and an increasing number, of 
the class engaged in the direction of industry. 

I start with the assumption that as this country can 
only support its population by purchasing from shaond 
many of the necessaries of life, and can only pay for 
these by the fruits of its industry, it is not possible to 
consider the development of education and not to regard 
the interests of industry and the effects of all educational 
effort upon industrial efficiency as of paramount 
importance. I hope this view will not be found really to 
entail a narrow outlook, but it is a good reason for 
inviting the interest and help of all sections of the people 
who are engaged in industry. So far as education 
may be regarded as a training for an industrial or com- 
mercial career, it is desirable to have some picture of the 
requirements of industry before us and for the pa core 
of illustration I use the example of the works with which 
I am connected—in which four kinds of manufacture 
are carried on, and which are fairly representative of the 
metal and many other industries other than engineering, 
although, of course, the facts are applicable only to a 
limited part of the whole life of the nation. I would, 
roughly, classify the 2,000 persons employed in these 
particular works, as follows :— 

Section 1.—(a) Those engaged in the central control 
with wide financial and commercial experience, and some 
general technical knowledge, numbering eight. (b) De- 
partmental managers and foremen having charge of the 
manufacturing operations, numbering nine. (c) Trained 
technical men, such as the elder chemists, metallurgists, 
chief engineer and electrician, numbering 12. (d) Clerical 
staff in the office and in the works, other than those 
already noted, numbering 80. (e) Working engineers, 
fitters, millwrights, electricians, including engine drivers, 
numbering 112. (f) Foremen not included in (6), 
numbering 9. (g) Skilled workmen whose efficiency may 
be directly increased by some knowledge of the science 
of the processes in which they are engaged, numbering 
165. 

Section 2.—(a) Other skilled and semi-skilled men, 
whose skill is mainly manual, numbering about 1,050. 
(6) Unskilled labourers, 342. (c) Boys and female 
labour, 220. 

The first observation I would make on these figures 
is to call attention to the large number of quite un- 
skilled labourers employed, although the proportion has 
tended to decrease with the extended use of machinery. 
1 would then refer to the relatively small number of 
persons included in Section 1, in the value of whose 
work one would expect a better intellectual equipment 
to be directly reflected, and finally to the still smaller 
number of posts that really call for special training. 
If better education of the mass was thought likely to 
improve the quality of manual work, without doubt 
the experience of recent years is disappointing. A young 
generation of workmen has grown up comparatively 
quite well educated for the most part and highly in- 
telligent, but regarded purely as workmen their skill 
and their power of turning accumulated observation | 
into good work are no greater than their fathers’ ; | 
the explanation probably is that they have so much more 
in life to interest them that their work does not command 
the same degree of concentrated attention, and their 
energies are diffused, even if as must often be the case, the 
wider outlook open to them has not made manual work, 
with its dull repetition, actually distasteful. I am not 
sure, if we consider the bracing effect of struggling 
against difficulties, whether we could expect the opening 
of an easier road to produce the masters of craft whose 
marvellous skill we admire in past examples of architec- 
ture, art, and industry achieved with inferior tools. 

In office work, I am unable to trace any connection 
between improved facilities for specialised training and 
higher commercial efficiency. The best clerk is he who 
is capable of performing accurately the largest amount 
of work in the working hours, and is usually one who has 
worked his way up from the bottom, mastering the duties 
of each grade as he passed through it—as, excepting the 
limited number of persons who decide policy, it is not 
breadth of vision, but thorough work in a narrow groove 
that makes for efficient administration. 

it might be expected that in the class that includes 
engineers, joiners, millwrighte, electzicians and mechanics 
ooeelty some early specialised training would be of 
value, but experience does not seem to fulfil such 
expectation. Hitherto, the best men have been those 
in whom works experience has re an aptitude 
for such branches of work, and who have then, long 
after school age, taken advantage of any sap of 
acquiring theoretical knowledge in complement to their 
practical knowledge of their special subject. In the 
higher branches of engineering, and in the case of men 
who intend qualifying themselves ultimately to fill 
posts of chief engineer in large works, academic trainin 
is of the greatest value if it be gained in a district an 
under a mgs that permits experience of practical work 
_and works’ practice to alternate with school work, 
and these conditions do not exist in Wales. 

The men known as furnacemen in most of the metal 
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industries are men who are engaged in the mechanical 
work of charging and tapping furnaces, but they are also 
controlling most delicate and ey chemical reactions, 
under some technical direction, but mainly by rule of 
thumb, or by treating any set of conditions they are able 
to observe in the traditional manner, or in the manner 
they were at some previous time instructed to do. 
These men are very highly paid, and there is an immense 
field open for improved results, if the chemieal side of 
the work could be separated from the mechanical side, 
or if the workers were scientifically trained men, as, to a 
large extent, is the case abroad. It is obvious that a very 
thorough and prolonged academic training is needed for 
chemists and metallurgists, but with the exception of 
these and perhaps of the furnacemen, if the status of 
the latter could by ment with the trade unions 
be changed, I think it is necessary to modify the views 
we commonly held, and to accept the conclusion that 
early specialisation is of no value to those who are going 
to enter industry. 

In the case of working men generally it would seem 
that the natural sorting-out that occurs in practice, by 
which one boy takes to mill work, another to the tin- 
house and another to the carpenter's shop or fitting shop, 
and by which some develop capacity and ambition 
beyond their fellows and increase their powers by evening 
study—study that is of the highest value, because it is 
voluntarily undertaken for a purpose, and means some- 
thing real to the student in terms of his daily experience— 
is @ very practical method of making the best of each 
individual provided the ground work has been sufficiently 
good for all. It follows, that from this point of view 
whole-time general education to 16 years of age, with every 
subsequent opportunity for attending voluntary con- 
tinuation and particularly voluntary technical classes, 
is the best suited for our industrial population, but it is 
im ible to lay too much stress upon the need for the 
fullest provision of such voluntary opportunities. 

In a village, in which one works is situated, it may 
be desirable to provide teaching in just as many separate 
subjects as in a densely-populated area. If every one is 
to have the opportunity of making the best of his life 
@ class may be needed in such subjects as mining, metal- 
lurgy, engineering, chemistry, mechanical drawing, and 
so on in every district in which some working men find 
their fullest development is hampered by want of know- 
ledge of their subject. Where public money cannot 
pwn 4 be spent on the provision of classes under 
strength the co-operation of employers is called for, and 
I think machinery should be devised whereby the 
employers’ organisations can be offered on definite terms, 
the provision of a technical class in cases where the 
minimum grant-earning attendance is not forthcoming. 
In suitable cases employers can and do provide their 
own classes, and this method is capable of much 
expansion. 

I do not think it is possible to improve the machinery 
of education in Wales in the interests of those who desire 
and are worthy of higher education. There is room for 
co-operation between all classes of thoughtful people, 
education authorities, and employers’ and woulmatte 
organisations particularly, in the direction of stimulating 
the enthusiasm of parents, and where parents fail, of 
smoothing the way for individuals of promise and of late 
development. and generally of greasing the wheels; 
but the ladder is there for all to climb who will— 
opportunity is equal and the steps are easy. 

think, however, as time goes on and as, perhaps, the 
organisation and methods of our manufacturers become 
more complex, some serious consideration must be given 
to the problem of placing university men in industry, 
so that they will receive compensation for and not be 
prejudiced by the sacrifice they have made, and the 
attainments they have reached. This subject will 
become of immediate importance when the School of 
Metallurgy is established at Swansea University College. 

I have been unduly long in reaching my first conclusion, 
and will endeavour to cut short the considerations that 
lead to my second and more important one. An indus- 
trial community requires its skilled workmen, its com- 
mercial men, clerks and chemists, and so on, but their 
activities are of low value without the will to work—to 
work well and to work hard. Nature supplies the will 
to work, but her methods are crude and often cruel. 
To illustrate my meaning, in the savage state natives 
are taught to work well and hard by first creating tastes 
that can be gratified only in proportion to the work 
performed and the wages earned, In the stage of 
economic development typified by the history of the 
nineteenth century the rewards of manual, as of all 
other work have, as a matter of course, been propor- 
tionate to the value of the work performed, and the will 
to work has often been stimulated or restored by the 
severity of the economic punishment that has followed 
slackening effort. Nature, in fact, provides that a proper 
standard of work shall be maintained in quantity and 
quality by exercising influence at either end, on the 
principle of the carrot or the whip. 

ing recent years the healthy pleasures of life 
available to almost all classes have enormously increased, 
without inducing an increased love of work as the reward 
of which they may be enjoyed, but rather we are faced 
to an unexampled extent by a world-wide desire of all 
classes to obtain greater pleasure in life with the expendi- 
ture of less work. We may, therefore, expect Nature to 
act shortly at the other end, and to compel harder work 
in return, not now for the pleasures but for the necessaries 
of life, unless the harsh operation of her laws can be 
avoided to some degree at least by substituting the 
exercise of reason for economic force, The purel 
material interests of industry may therefore very well 
be involved in the real education of as large a number of 
all classes of the population as possible, in broadening 
their outlook and in increasing their powers of com- 
prehension, so that work and hard intelligent work shall 





be generally understood to be not the alternative {to 
pleasure, but the only means with which the true pleasures 
of life can be purchased and enjoyed. 

From quite another point of view the need of a true 
and b training of the young is t. We observe 
the industrial population split into two forces, the relations 
between them being in the course of profound modifica- 
tion. We are also witnessing the rapid cohering of those 
who work with their hands into a political block animated 
by a single policy, and therefore not unlikely before long 
to be entrusted with the responsibility of the government 
of the country. Those who work with their ds must 
as yet be the least educated, but they will always form 
the most numerous class, and will certainly be responsible 
for many experiments, many a and probably 
many mistakes as they learn to use the new powers that 
are unquestionably theirs. It is obviously, therefore, 
to the interest of the country that its future citizens 
should be as we'l prepared to take their part as education 
can make them, and that the power of forming sensible 
balanced opinions, of sifting evidence, of realising the 
limitations of the individuals’ knowledge, and the 
creation of a body of citizens capable of producing a 
sound healthy public spirit are far more important aims 
than the achievement of pure technical efficiency. 

I do not think any honest observer would den 
the public schools of this country have 
producing a saner and more dutiful public 
any other agency in history, and it is worth while seeking 
the causes and utilising as many as ible in our 
education system for the masses of young people. There 
are two main unds for encouragement in the oppor: 
tunity Mr. Fi has given us for introducing school 
x as part of education, and the development of 

ys’ we fare work in factories with evening and games 
clubs in which the boys are led themselves to organise 
the n discipline. As the majority of boys 
will not be able to proceed to the university, it is 
encouraging to observe that the type I refer to has been 

roduced by the public school, and that the character 

ormed in boys of 17 to 19 years old has stood the test— 
experience would almost suggest that the etme 
t 


that 
ied in 
rit than 


where it has modified the character of these boys at 
has as often narrowed their outlook as enlarged it. 
Amidst all the countless kinds of mental a samy - 
specialisation uired to make up a progressive State 
strongly agp need of a solid background, of the 
existence of an overwhelming body of ns 

of the attributes of the English gen using the 
word in its true meaning, which we know by experience 
is applicable to representatives of all classes, whatever 
the circumstances of their birth and opportunity. 

These considerations lead us to ise the vast 
importance of the quaity and outlook of our teachers. 
The best soe are unattainable — we ~e 4 
services of a of persons properly trained, 
broad vision and’ of the highest traditions 
of Civil Service. I have endeavoured in a most imperfect 
manner to suggest that even from the point of view of 
an employer our pro aim should not be to uce 
_—_ types, but citizens fit to think for themselves and 
able to grasp means abundantly provided for developing 
themselves their own particular _— as life unfolds the 
desire and the opportunity. Even an employer can 
realise that the true interest of the State lies in pe | 
the means of sympathetically leading out of the 
whatever natural and inherent power he may — 
and of wisely developing it so that the process of educa- 
tion does not end with school, but shall be carried on 
through life with the true happiness of each individual 
as the goal; but an employer is particularly well able 
to know that full development occurs at very different 
ages with different persons, and that the examination 
test does not place men in the order of their final life 
achievement. I close with a few thoughts upon the 
special responsibilities and opportunities of employers. 

1. The routine of placing and pr tion should be 
seriously explored in ee to see ee, ee 
encouragement cannot given to parents an ys to 
take the fullest advantage of all facilities for better or 
ars rn a uld be urged to find 

2. Employers sho’ to room at proper 
rates of Seunetieuation for university graduates who desire 
to enter industry, and, to assist them, to give facilities 
to students to gain practical acquaintance with industrial 
life and processes during vacations, 

3. Employers should be ready to assist either indi- 
vidually or eo pip oung men who have slipped 
through the mesh at At have shown gifts worthy 
of development after they have entered ustrial life. 

4. sr m,n I am inclined to think, encourage 
intercourse m their technica! staffs and the teachers 
of their district, throw their works open to the latter with 
or without their pupils, and use any opportunity that 
offers itself of to the ience enlisting the 
co-operation of a y of intelligent men actuated 
genera.ly the desire to perform their duty well, but 
thrown ‘orce into a somewhat narrowing groove. 

5. The real control of industry is so absorbing an 
occupation that those actively in it can be 
of little service on education authorities, and those who 
have time to give to snch work cannot in the fullest active 
sense regarded as apres of industry and all 
its problems, and yet close contact is called for. It is 
hi the experiment initiated by the manufacturers of 
South Wales will succeed and be copied. 

The object of appointing an official themselves is to 
stimulate co-operation, to keep each side acquainted 
with the wishes and difficulties of the other. It is also 
to be that the start and growth of university 
education at Swansea will afford the manufacturers and 
business men of this district the rtunity that is 
needed to take a and ever-gro interest in the 
work of education ; I believe re welcome it, and will 
fix a high standard as the goal of the common effort. 
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AERONAUTICS. 


134,383. G. Jordan, Rugby. Rib Profile Setting Table. 
(6 Figs.) November 27, 1918.—According to the present inven- 
tion, apparatus for setting the profile of and making aeroplane 
ribs and the like comprises the combination with a table 1, of a 
pair of springs 11, disposed on edge on the surface of the table 
a distance apart, each spring being carried on a plurality of 
blocks 4 arranged at different points of its length, and means for 
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(134383) 
adjusting the patties of the blocks t0 cause the springs to take 
| any desired shape. An adjustable block 12 is also arranged 
at each end of the table, the face thereof being recessed to accom- 
modate the ends of the springs 11. Preferably the table is 
constructed so that the centre portion is removable for the 
purpose of allowing the required profile or shape to be drawn 
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thereon. (Seailed.) 
134,858. F. Handley-Page, London. Aircraft Frame 
Structures. (2 Figs.) March 15, 1918.—The present invention 


relates to the structure or load onppesting framework of aircraft 
and more particularly toa clip or joint-piece for connection of one 
strut to another, and again, if desired, to tension members such 
as wires. The clip comprises quarter sections of half-round 
tubing 1 (in the case, of course, in which the longeron 2 is pe tere 
which clip sections are extended in the form of flanges 3 at their 
ends. These flanges are partly encased in the strut ends and 
partly exposed, and are embraced by the split ends 4 of the 
struts 5, which usually meet the longeron 2 at right angles. The 
end of the strut is preferably encased in a cap 6, In the corner 





between two adjacent struts a wedge-shaped piece may be 
inserted which has —_ firstly of receiving an eyebolt 8 for 
a diagonal tension wire, and secondly to prevent the spreading of 
the split ends 4 of the two adjacent capped struts 56. In the case 
where the struts 5 are arranged only at less than four opposing 
points, each of the clip parts then may be turned up as at 9 to 
avs the spreading of the outer half of the mid lit caps. 
he portion 3 of the clips may be pierced at their ends (as at 10) 
to receive bracing wires or like tension members, and will be 
rforated at their centres to receive eyebolt 8. The clips may 
urther be secured to the longeron by screws 11 or the like. 
(Accepted November 26, 1919.) 


ELECTRICAL APPARATUS. 


135,073. V. Crabb, Wimbledon Common. Dynamo- 
Electric Generators. (4 Figs.) February 14, 1919.—This 
invention relates to dynamo-electri¢ generators which, although 
primarily designed for supplying e ergy to electric ignition devices 
such as may be used for internal-combustion engines, in which 
case a permanent magnet field would usually be employed, 
can also be applied to the generation of electric energy for other 
purposes, such as the supply of electric lighting and wer 
circults. The essentially novel feature of the invention is the 
special arrangement of the parts which constitute the magnetic 








circuit of the generator and comprise two stationary fleld magnet 
A, Al, or sets of fleld magnets, so arranged that adjacent pole 
pieces are of opposite polarity, a stationary armature or core C 
of magnetic material encircled by a coil or coils and separated by 
an airspace at either end from the pole pieces of the fleld magnets, 
and a potening, element D comprising iron or stee) segments E, 
each of which in rotation alternately closes the magnetic circuit 
of the two field magnets through the armature core. The 
particular disposition of the magnet poles, armature core and 


a magnetic flux through the core first in one direction and then, 
after a sudden reversal, in the opposite direction as it passes 
from the field of one magnet system to that of the other magnet 
system. (Accepted November 26, 1919.) 


135,066. H. B. Grylis, Weybridge, and W. Heape, 
London. c Arc Lamps (5 Figs.) February 10, 
1919.—This invention relates to electric arc lamps such as are 
es in connection with searchlights and of the kind in 
which means are provided for cooling the positive carbon. The 
invention consists in an electric arc lamp of the kind referred to 
in which there is provided a member d arranged around, or in 
proximity to, the positive carbon ¢, and projecting somewhat in 
order to enclose or screen part of the space occupied by the are 




















through which member water or other cooling medium is paseed, 
the a being such that the flame of the arc is either 
entirely eliminated or reduced to a minimum. In carrying this 
invention into effect in one convenient manner, as in its applica- 
tion to a searchlight, the improved searchlight is formed in any 
desired manner or in accordance with general practice. The 
member d is a coil conveniently of copper or formed from any 
other suitable material, having a water current passed there- 
through either continuously or intermittently, so that it may be 
efficiently cooled. (Accepted November 26, 1919.) 


HYDRAULIC MACHINERY. 


133,988. Sir W. G. Armstrong, Whitworth and Co., 
Limited, Newcastle-on-Tyne, F. L. Robertson, Newcastle- 
on-Tyne, H. W. Lee, Newcastle-on-Tyne, and F. P. Fee, 
Newcastle-on-Tyne. Controlling Power Operating 
Mechanism. (1 Fig.) September 20, 1918.—This invention 
relates to improved means for controlling the supply of liquid 
under pressure to mechanism operated thereby. According to 
the invention, the control valve of an engine is opened by the first 
movement of a hand wheel, continued movement of the hand 
wheel keeps the valve open, and on cessation of such movement 
the valve is actuated to cut off the supply of liquid while, if the 
power fail, the continued movement of the hand wheel rotates the 
shaft. ais a worm shaft which can be actuated by an engine b 
to which liquid under pressure is supplied by pipes ¢ leading 
from a valve casing d. The shaft a is geared by bevel gear, 
a spindle f, and bevel gear to a spindle h, on which is a quick- 
thread meshing with a similar thread cut in the interior of the 
boss of a hand wheel j. Collars limit the movement of the hand 
wheel along the spindle. A control valve / in the casing d is 
actuated by a bell crank m on which is a roller working in a groove 
cut around the boss of the wheel j. ois an electric motor driving 
a pump 7, the amount of liquid delivered by which can be varied 
in well-known manner by the movement of a rod r connected 
by a lever s to the piston rod ¢ of an accumulator wu, the rear of 
piston v being loaded by means of a spring w, which tends to keep 
the amount of liquid delivered by the pump at a maximum. 























(193.988) 


When the electric motor is started, liquid is me. from a 
tank z to the accumulator u; this forces in the piston v and 
centres the pump, the liquid being then stored in the accumulator 
at a pressure determined by the strength of the spring. The 
first movement of the wheel j moves the valve J, admitting liquid 
from the accumulator to the engine b, turning the shaft a. This 
supply of pressure from the accumulator causes its piston to be 
moved forward therein by the spring and fixes the amount of 
liquid delivered by the pump so as to supply just the amount of 
me required for the necessary speed of revolution of the shaft a 
which speed is determined by the rate at which the hand wheel j 
is turned. If the wheel continues to be turned, its movement 
assists ti spindle f the power of the engine. On the hand 
wheel being held from rotating the motion of the spindle A is 
continued until the hand wheel is thereby moved to the centre 
of its axial travel, thereby closing the valve and causing the 
engine b to come to rest. The pump continues to deliver i uid 
until such a time as the pressure in the accumulator is sufficient 
to force the piston » back and restore the condition in which the 
delivery of the pump is a minimum. Should it be required to 
turn the shaft a for some time the hand wheel may be released 
while the valve is open and the motion will continue until the 
hand wheel, the motion of which will continue under these 


YMACHINE AND OTHER TOOLS, SHAFTING, &c. 


"34 
. TT. Bro Ham; a and Finish- 
ing Prmeed Threads.” Eon 1918.—The 
g an ishin 
ae d fin: 


« (5 Figs.) 

g of a screw thread is effected by a lap or 

ib which is provided with a screw thread and is rotated in con 

with the screw thread of the gauge or other part, and the invention 
is characterised by the fact that the lap or hob and the gauge or 
other part are at the same time subjected to continuous wise 
relative movement. 1 is the screw to be ground supported on 
centres and driven by a carrier in known manner by means of 
the pulley 4. The shaft carrying the pulley 4 has at the end a 
spur wheel 5, which meshes with a second spur wheel 6 mounted 
on a shaft 7 which drives a spindle 8 through a telescopic spindle 9 
and universal couplings. The spindle 8 is arranged exactly 
parallel with the screw 1, and is carried in a bearing 12 mounted 
to slide transversely on the bed 13, and is adjustable in position 





by means of the handwheel 14. The bearing 12 may be mounted 
to slide longitudinally of the bed 13. A lap 15 having a thread of 
opposite hand to the thread of the screw 1 is mounted on the 
spindle 8 by means of a feather, so as to be slidable longitudinally 
Sheoean. operation, the screw 1 is rotated by means of the 
pulley 4, and the lap 15 is driven in an opposite direction through 
the spur wheels 5 and 6, the shaft 9 and the spindle 8. The 
lap 15 and the screw 1 being in contact, the thread of the screw 
is ground and the lap 15 moves evenly and continuously from 
end to end of the screw 1. The direction of the drive is then 
reversed, whereby the lap travels in the opposite direction. 
This action tends to correct any error in pitch or form and avoid 
one part being ground more or less than other parts of the thread. 
The axial travel of the lap is limited so as to prevent it entirely 
running out of engagement with the screw 1. (Sealed.) 


Lockwood, Huddersfield. Worm Gearing. 
(2 Figs.) August 28, 1919.--This invention comprises an 
improved construction or formation of the thread of the worm. 
In the improved construction or shape of thread embodying 
this invention, the sides of the thread are so formed that the 
motion from the worm or the wheel is mainly that of a rolling 
action whereby a worm is obtained capable of giving increased 
efficiency. A, A, represent the axis of the worm and B, B, the 
root or bottom diameter of the thread. Although not necessary 
for the invention, B, B, can suitably be made the axis of the 
hyperbola, the vertex of which is at the point a. The formation 





of the hyperbola which constitutes either side of the thread is 
controlled or determined by its asymtote o, b, which intersects 
the line B, B, at the point o, situated at a suitable distance from 
the point c. The angle which the asymtote makes to the axis 
B, B, is preferably made approximately equal to the angle that 
the worm thread on the cylinder of the root diameter makes with 
the worm axis. The thread of the worm can be cut in any of the 
ordinary machines now employed in the cutting of worms, or it 
can be cut in the lathe by employing a tool whose shape is 
identical to the required h rbolic curve, and the worm wheel 
can also be cut in the usual way by means of a hob made to 
correspond with the worm. (Accepted November 5, 1919.) 


MOTOR ROAD VEHICLES. 


134,932. A. R. Grindlay, Coventry, and Grindlay 
(Coventry), Limited, Coventry. Sidecars. (= Fig.) 
November 14, 1918.—According to this invention, a spring 
Je serv for a side car comprises the combination with a pair 
of brackets B, B2, projecting from the frame, the one in front 
of and the other behind the wheel F, of a pair of leaf springs D, E, 
one on each side of the wheel, which carry the wheel spindle 





The drawin 
tive view of part of a sidecar chassis show 


is a perspec- 
g the appli- 
cation of the invention. The laterally-projecting brackets 
B, B2, lie substantially parallel with the wheel axle, one in front of, 
and the other to the rear of the outer edge of the wheel periphery. 
The springs are directly pivoted to the front bracket and 


and are attached to the brackets. 





conditions is stopped. Should the power fail, the shaft a may 
be turned by turning the hand wheel. (A November 5, 





magnetic segments is such that each segment in turn produces 


1919.) 





connected with the rear bracket B by shackles H. (Accepted 
' November 26, 1919. 





